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ABSTRACT

The final report covers the work performed for the contract entitled,
"Analytical and Experimental Determination of Localized Structure to be Used in
Laboratory Vibration Testing of Shell Structure-Mounted Components, SATURN V. "
The contract was executed during the period of April 1965 to J uly 1967 inclusive.
Earlier work performed in the contract was reported in the yearly progress report
dated May 1966 (two volumes), and a progress report dated J anuary 1967. Except
for an overall work summary and some revised data, the final report describes
essentially the additional work items performed since January 1967. Major subjects
in the final report include the revised finite difference program for localized shell
vibration, shell transient and acoustic responses considering mass attachments,
shock and blast overpressure. Also described are the theory and procedure in
designing shell scale models.



FOREWORD

The final report was prepared by Northrop Corporation, Norair Division,
Hawthorne, California, under contract no. NAS8-20025, "Analytical and Experimental
Determination of Localized Structure to be Used in Laboratory Vibration Testing of
Shell Structure-Mounted Components, SATURN V, "

The subject contract is administered under the direction of the Vibration and
Acoustics Branch, Structures Division, Propulsion and Vehicle Engineering Labora~
tory, George C. Marshall Space Flight Center of the National Aeronautics and Space
Administration. Mr. J.H. Farrow and Mr. R.E. Jewell are the principal and alter-
nate technical representatives. Mr. C.E. Lifer served as the alternate technical
representative in the early phase of the contract. Mr. L.D. Saint is the program
monitor. The program manager at Northrop Norair is Dr. Chintsun Hwang, Member
of Technical Management, Structures and Dynamics Research Branch. Dr. W.S. Pi,
Dr. N.M. Bhatia and Mr. J.R. Yamane participated in the project. - Mr. P.E. Finwall
is responsible for the experimental tasks of the program. '
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SECTION I

INTRODUCTION

In laboratory vibration testing of shell structure-mounted components, an
important requirement is to simulate the localized dynamic characteristics of the
segment and the mounted components. The objective of the present contract is to
develop design and testing techniques for segmented shell segments from typical
SATURN V structures. In the process, to achieve proper design of the elastic sup-
ports, a preliminary study was executed on various types of spring supports attached
to a rectangular plate. Simultaneously, the overall dynamic responses of the struc-
ture were investigated. Based on the overall response data, a part of the shell struc-
ture was defined as the shell segment. Proper constraints and boundary conditions
were specified to achieve the similarity in dynamic responses as compared to the
complete shell structure. In the second year of the program period, additional work
items were included concerning the transient and acoustic responses of shell structures

as well as shock load and blast overpressure.

During the contract period, a yearly progress report dated May 1966 and an
intermediate report dated January 1967 were issued covering the work accomplished
up to the reporting time (References 1,2). The final report covers essentially the
work performed during the balance of the contract period. For the sake of complete-
ness, this report also presents a general review of all the work items carried out in

the contract.

In analyzing the vibration behavior of a flexibly-supported rectangular plate, a
finite difference method was used. .The method transformed the fourth order partial
differential equation of a plate in rectangular coordinates into a finite difference
equation in terms of the normal displacement at selected grid points. Additional grid
points were used beyond the plate boundary. Proper boundary conditions were used
representing either a free edge or an edge with local flexible supports. Considering
the dynamic inertia effect of the plate mass, the problem was reduced to an eigenvalue
matrix formulation. The numerical solution of the final matrix equation yielded the
the modal and frequency data of the rectangular plate. As compared to the



experimental data, the solution by the finite difference method was found to be very
reliable. Using this approach, the dynamic effects of various types of flexible
supports were evaluated.

To investigate the overall shell dynamic behavior prior to segmentation, four
scale models were fabricated based on various parts of SATURN V structures. Dupli-
cate models were made for segmentation purposes. The scale models which were
manufactured and tested are listed below and shown in Figures 1-4. The detail tech-
nique in scale model design is described in Section V of this final report.

S-4B Instrument unit, 1:6.67 scale (Figure 1)

S-2 Thrust cone including simulated rocket engines,
1:10 scale (Figure 2)

S-2 Forward skirt including Lox tank upper bulkhead,
1:10 scale (Figure 3)

S-1C Lox tank upper bulkhead including partial cylindrical
shell structure, 1:10 scale. (Figure 4)

Analytical and experimental programs were conducted to determine the vibration
and dynamic response behavior of the shell structures. In the analytical phase, par-
tial differential equations were established along the shell meridian. The dependent
variables include three displacement components, the angle of rotation and the four
shell internal stress components in the same directions as the four displacement
variables. The stress variables are the transverse shear Q, the membrane stresses
N , N and the merdian bending moment M . For each circumferential harmonic
number, the equations were solved numerically to yield proper modal and frequency
data. The dynamic effects of the stringers and the ring stiffeners were handled dif-
ferently. For the stringers which were located along the shell meridians, their stiff-
ness was averaged and merged with the shell to form a mean stiffness. For the ring
stiffeners, the dynamic impedances were formulated individually. The impedances
were represented in terms of the increments of the shell internal stresses as functions
of the local displacements. These increments were introduced into the differential
equations at the ring stiffener locations during'numerical integration. The computer
program to execute the integration and typical modal and frequency data for shell
structure models were presented in Reference 1.
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In the parallel experimental program, the shell models were excited sinusoidally.
For overall impedance investigation, a frequency sweep was performed to record the
impedance at specific locations as a function of the frequency. In the modal survey
corresponding to an observed natural frequency, proximity probes were used to record
the shell responses at various locations. A block diagram showing the test instrumen-
tation is given in Figure 5. Test data obtained in the first year performance period
may be found in Reference 1,

Tests were also performed on a segmented instrument unit shell structure model
with and without simulated component attachments. The response data of the segmen-
ted shell were evaluated against the corresponding data of the complete shell structure.
During the design and test process, a procedure was developed which may serve as a
guide to testing engineers. After the segmentation technique was proven on the scale
model shell structure, the full scale SATURN V instrument unit was segmented and
tested. The impedance data for the scale model and full scale segmented shell
structures were compared using proper scaling relations. The design procedure, as
well as the analytical and experimental data of segmented shells were presented in
Reference 2.

The analytical prediction of the vibration of a flexibly supported shell segment
was based on a finite difference technique. The technique was a generalization of the
method applied to the rectangular plate which was described previously in the section.
It involved the formulation of the equilibrium and compatibility conditions of a cross-
stiffened shell element. Attached masses and the corresponding mass moment of
inertia effects were included in the equilibrium equations. Grid points were assumed
which covered the shell segment and the neighboring areas. The relating matrix
technique and the numerical data were illustrated in Reference 2. Since the completion
of the intermediate report, certain modifications and improvements were made on the
finite difference computer program which is presented in Section II of the final report.

Additional work items performed in the extended period of the contract included
the dynamic and acoustic response investigation of the shell scale models which are
~ described in the final report. Specifically, Section III deals with the transient and
- impulsive responses of the stiffened shells. Section IV describes the analytical and
“ experimental investigation on the acoustic loading and blast overpressure on a shell
- structure model. Section V concludes the report with the comprehensive shell scale
' model design procedure which may be used for future design purposes. The input

‘formats and the detail listings of all computer programs are given in the appendices.
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SECTION II

THE REVISED FINITE DIFFERENCE COMPUTER PROGRAM

GENERAL

The program gives the analytical predictions of natural vibration modes and
frequencies of a solid or sandwich curved panel with arbitrary boundary and sup-
porting conditions. It is written in FORTRAN IV language, for the use of IBM 7090 or
7094 data processing systems. The user is required to prepare a complete coefficient
matrix, derived from the finite difference expressions of equilibrium, compatibility,
and boundary equations. For the detail analysis, the reader is referred to Reference 2.
In the program, proper arrangement of the matrix rows is required as shown in the
input data format. The program is set up for (172 x 17 2) coefficient matrix, although
its function is mechanized to accommodate any matrix of reasonable size. In the
latter case, due consideration should be given to the capacity of the in-core storage
space. Furthermore, DIMENSION and EQUIVALENCE statements should be made

compatible to the size of the matrix chosen.

The program adapts an overlay structure. The contents in each link are as
follows:

a. MAIN

It "CALLS" all subsequent links.

b. $ ORIGIN BETA

It contains two subroutines - matrix multiplication, and matrix inversion,
which are linked directly to the main program.

c. $ORIGIN ALPHA - CHN 1 (CHN 1 indicates the first chain.)

It evaluates all elements needed for the coefficient matrix, and puts
them into a table form called "E Table'". Mass matrices are also formed
in this link. This subroutine is linked to ORIGIN BETA.



d. $ORIGIN ALPHA - CHN 2

Formation of AA3 matrix (compatibility equations) is carried out by trans-
fering the proper elements in the E table to the proper locations in the
AA3 matrix. Some matrix algebra are also performed here. This sub-
routine is linked to ORIGIN BETA, and overlaid on CHN 1.

e. $ORIGIN ALPHA - CHN 3

Formation of AA1l matrix (equilibrium equations) is carried out in this chain.
Some matrix algebra are performed. The subroutine is linked to ORIGIN
BETA, and overlaid on CHN 2.

f. $ORIGIN ALPHA - CHN 4

Formation of AA2 matrix (boundary conditions) is accomplished. With
further matrix manipulation, reduction of the coefficient matrix results in
an eigenmatrix. This subroutine is linked directly to ORIGIN BETA, and
overlaid on CHN 3.

g. $ORIGIN BETA - CHN 5

Subroutine "MITER", which computes the eigenvalues and eigenvectors, is
included in this link. Calling "MITER" is the sole purpose of this link.
It is linked directly to the main program, and overlaid on all the afore-
mentioned links except the main program and the COMMON statements.

Users should note that there are three working peripheral tapes specifically assigned
to the program in addition to the variable tape numbers connected with the "MITER"
subroutine.

INPUT DATA

Figure 6 shows the full scale instrument unit test panel set-up. Prior to the
test, a (1:6.67) scale model of the panel was tested. The finite difference computer
program was used to obtain the modal data of the scale model. Corresponding to a
quarter of the shell panel, the program is set up for the grid pattern shown in Figure 7.

Following is a list of the coding symbols used in the program:

10
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1. Solid Shell

Symbols used
in Analysis

a

b

= <

(= S o ]

=]

SX S¢

Lx 1s ©

Fortran

Coding

PHIO

PNU

RHO

H

N

M
NMODE
IOPT

SZX, SZP

SAX, SAP

SIX, SIP

BARKX

BARKP

wX

Definitions
Radius of curvature (in)
Length of a panel in x-direction (in)
Circumferential angle in ¢~direction (rad)
Poisson's ratio
Young's modulus of elasticity (1b/in2)
Mass density per unit volume (lb—secz/ in4)
Shell thickness (in)
Number of grid points in ¢-direction, (=12)
Number of grid points in x-direction, (=5)
Number of modes sought
=1 for solid shell
Distances from c.g. of the stiffeners to the
middle surface of the panel in x~direction
and ¢p-direction, (in.) numbers of values to
be read in are controlled by an index,
NEXT; their locations in the array by J1,
J2 and K2,
Cross sectional area of stiffener * in
x-direction and p~direction (inZ). Control-
ling indices are J1, J2, K2 and NEXT.
Moment of inertial of stiffener, * in
x-direction and ¢-direction respectively,
about its own centroidal axis (in4). Control-
ling indices are J1, J2, K2 and NEXT,.
Spring constant of a point-support along the
axis x =0, (lbs/in)
Controlling indices are I1, I2, and NXT1.

Same as above along the axis ¢ = 0, (Ibs/in)
Controlling indices are 13, I4, and NXT2.

Weights along the boundary x = 0, (lbs)
Controlling indices are 15, 16, and NXT3.

13



Symbols used
in Analysis
Wo
w
i, §

(Ml) i, 3, i#

Fortran
Coding
wT
M1, IM2
M3

AM3

IETBL, NEC

NXRO
NAC

NR, NC, NC1
NC2, NC3

Definitions

Weights along the boundary ¢ = 0, (lbs)
Controlling indices are I5, 16, and NXT4.

Weights at interior points of the panel (lbs)
Controlling index is JWT

Row and column number, respectively, of
off-diagonal term of mass (internal) matrix.

Number of off-diagonal mass term

Actual element that corresponds to Im1 and
IM2 in the (internal) mass matrix. Number
of this off-diagonal terms is limited to six.

Row number and column number, respec-
tively of the matrix element (E) table.
The E table is generated according to the
definition of Table 2, Reference 2, for all
grid points. A particular element of the
table is to be transferred to a particular
location in the coefficient matrix A.

Number of non-zero elements in a row of
coefficient matrix.

Column number of the non-zero element in
the coefficient matrix.

Defined in the diagram shown in INPUT
FORMAT. For any other size of
coefficient matrix, they are computed as
follow

*NOTE: For a Stiffenef which is placed along one boundary of the panel, double the
values of the corresponding cross-sectional area and the moment of inertia

as input.

14




Referring to the diagram shown in the INPUT FORMAT,
For submatrix AA1,

NR = MN
NC=2MN+3M+ 3N+ 1
NC1 = MN
NC2=2M+2N +1
NC3=MN+M+N

For submatrix AA2,

NR=2M+2N+ 1
NC=MN+2M+ 2N +1
NC1 = MN
NC2=2M+2N+ 1

For submatrix AA3,

NR=MN+M+N
NC=2MN+3M+3N +1
NC1 =MN

NC2=2M+ 2N + 1
NC3=MN+M+N

2. Sandwiched Shell

The definitions made for the solid shell apply to the sandwiched shell with the
following exceptions and additional definitions.

Symbols used Fortran

in Analysis Coding Definition
h H Total thickness of outer and inner facings.
c CORE Thickness of core.
m BARM Mass per unit area of the panel.

—_— IOPT =2, For sandwiched panel.

The key punch format for the input data and the program listings are attached
to the report as APPENDIX A. Typical modal data obtained through the finite difference
computes program for the segmented instrument unit panel is shown in Figure 8.

15







FORMULATION OF THE FINITE DIFFERENCE COMPUTER PROGRAM

In order that the user may adapt the finite difference computer program to his
specific need, the present subsection describes the detail formulation and organization
of the program. With this information, it is expected that the user will be able to
organize a coefficient matrix for a shell panel structure with arbitrary boundary and
support conditions. Applying the coefficient matrix as input data, the finite difference

computer program may be used to generate the desired modal information.

Basic Grid Pattern Setup

The following procedures may be used to generate the basic grid pattern for a

cross-stiffened cylindrical panel with arbitrary dimensions and boundary conditions.

1. Develop the curved panel into a plane surface, draw the boundary lines and
mark down the location of the edge point supports, concentrated weight

attachments, and center line of the stiffeners.
2. Mark all axes of symmetry, if any.

3. Set the coordinate axes which coincide with two boundary lines as shown in

the following figure,

=0
x 9T

p=9
1Y o

4. Cover the panel proper with two sets of equidistant grid lines X = constant
and ¢ = constant. The grid pitch is 4x in the x direction and ad¢ in the

¢ direction, where a is the radius of the cylindrical panel.
Use the following guide lines:

a. Each boundary line, axis of symmetry or the center line of a stiffener

coincides with one of the grid lines.

b. Each point support or concentrated weight attachment coincides with a
grid point (the intersection of two grid lines) if possible. Otherwise
locate the said point close to a grid point.

17



c. Make the grid pitches Ax and ad@ equal or close to being equal.

d. For apanel with one axis of symmetry, only half of the panel need be
considered. For a panel with two axes of symmetry only one quarter
of the panel need be considered in order to obtain symmetrical mode
shapes.

5. Assign numbers to each grid point on the part of the panel including points on

the boundary lines and the axes of symmetry (see Figure 7). The station
numbers start from 1 to (nxm), where n is the total number of grid lines in
¢-direction while m is the total number of grid lines in x direction. In
Figure 7, it may be seen that n= 12 and m = 5 for the grid pattern under

consideration.
6. Set up the necessary exterior stations according to the following rules:
a. Extend two grid pitches from the points on the panel edges.

b. Extend one grid pitch in each direction from the corner points of the
part of the panel concerned.

c. Extend two grid pitches from the points on the axes of symmetry.

7. Assign numbers to exterior stations starting from (nxm) + 1 according to
the following order.

a. Points one pitch away from the edges in the x-direction (station 61 - 72
in Figure 7).

b. Points one pitch away from the edges in the ¢ -direction station 73 - 77
in Figure 7).

c. Points two pitches away from the edges in the x-direction (station 78 - 89
in Figure 7).

d. Points one pitch in each direction away from the corner points which
are the intersections of two edges (station 90 in Figure 7).

e. Points two pitches away from the edges in the ¢ -direction (station 91 - 95
in Figure 7).

8. Identify the station numbers of the points beyond the axes of symmetry to be
the same as those of their image points with respect to the axes of
symmetry. (station 10 - 11, 22 -23, 25 - 48, 58 - 59, 71, 76 in Figure 7.)

18




9. Write down proper boundary conditions at each point on the edges. Detailed
description of the boundary conditions is showny on Page 25 through Page 26
of Reference 2.

Formulation of the Coefficient Matrix

After the grid pattern has been completed, the procedures shown on Page 39
through Page 40 of Reference 2 may be used to generate the coefficient matrix [A].
The simplified finite difference operators are given below. The definitions of the
index numbers are given in the Index Table on Page 41, Reference 2.

1. Equilibrium Equation Operator. Apply to all stations on the part of the
panel including the boundary points (sta.1 - 60 in Figure 7).

0 0 E6 0 0
0 E5 E4 E5 0
E3 E2 E8 E2 E3
(w;)
(A1)
0 E5 E4 E5 0
0 0 E6 0 0
E9 : E7 E9
@) J

In the above table, the symbols E2 through E9 indicate the coefficients of the
finite difference equation. They are identified on P.31, 32, Reference 2. The symbols

‘used in the above and following tables may also be identified with the corresponding
items in Table 2, Reference 2.
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2, Boundary Condition Operator for %

The following operator is applied to points along the edge X = 0. (Sta. 1-12 in
Figure 7).

0 E67 0 El1 0
E66 E36 E10 E12 El (A2)
w,)
0 E67 0 Eli 0

This operator may be applied to the points along the edge X =X 1° In the latter case,

a negative spring constant is to be entered as input for each spring support.

3. Boundary Condition Operator for MX(P'

The condition is applicable to the corner points which are the intersections of
two edges. Enter positive spring constants for the corners X =0,¢® = 0 and X = XJ.’
% =¥,. Enter negative spring constants for the corners X = 0, ¢ =‘P1 and X =X,
© =0. (Sta. 1in Figure 7).

E66 0 El
0 E68 0 (A3)
(w)
E1l 0 E66

4. Boundary Condition Operator f_oer(p.

The condition is applicable to points along the boundary lines X = 0 and X = X1-
(Sta. 1 through 12 in Figure 7). .

0 El4 0

El E1l5 El (A4)
) (Wi)
0 El4 0
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5. Boundary Condition Operator for Vo.

The condition is applicable to points along the edges ¢ = 0, (positive spring

constant input) a.ndqp*—*cpl (negative spring constant input). (Sta. 1, 13, 25, 37, 49
in Figure 7).

0 El 0
E17 E18 E17
0 E16 0 (A5)
(w,)
E37 E69 E37
0 E66 0

6. Boundary Condition Operator for Mep-

The condition is applicable to points along the edges®= 0 and @= ®, (Sta. 1,
13, 25, 37, 49 in Figure 7).

0 El 0
E19 E20 E19 (A6)
(wi).
0 El 0

21



7. Compatibility Condition Operator.
Apply only to the interior points. (Sta. . 14-24, 26-36, 38-48, 50-60 in
Figure 7).
E22 E21 E22
(w))
0 0 E28 0 0
E27 E26 E27 0
E25 E24 E23 E24 E25 (A7)
@)
E27 E26 E27 0
0 0 E28 0 0

8. Boundary Condition Operator for Sy

Apply to all points along the edges X =0 and X = Xl except the corner points.

The following tables are used for points not on the axis of symmetry. (Sta. 2 through
11 in Figure 7).

E64 0 E30 E66 0 El
0 0 0 0 0 0 (A8a)
(wi) @i)
E30 0 E64 El 0 E66
Apply the following to points on the axis of symmetry (Sta. 12 in Figure 7).
E64 0 E30 E66 0 El
(A8b)
E30 0 E64 El 0 Eeé6
(w,) @)
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9. Boundary Condition Operator for N ,.

Apply to points along the edges ¢ =0 and ¢ = ¢ where there is no spring
support, (Sta. 1, 25, 37 in Figure 7).

El E29 El (A9)
(@)

10. Boundary Condition Operator for Displacement v.

The condition specifies that no tangential displacement is admissible at the spring
supports. Apply to poixits along the edges ¢ = 0 with spring supports. (Sta. 13 and 49 in.

Figure 7)., This condition can be used only if an axis of symmetry exists as shown
below:

0 0 E33 0
"E31 | Edgeof. _|El E29 El |_ _
A panel, ¢ =0 @)
E35 E38 E34 E38 (A10)
E35 E$8 E32 E38
1 ' H
[ : H :
! X : ]
: : | :
1 ' t N
\ ' ' 1
' : : [
E35 E38 E32 E38
— —E31 -~ — —EI—I‘—E29" — El-|—
\Axis of symmetry, ©=5¢;
|
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11. Boundary Condition Operator for N .
n

Apply to points along the edges x =0 and X=X‘1 without spring support.
(Sta. 1 through 12 in Figure 7).

El

E29 (All)
(@)

El

12. Boundary Conditions Operator for u.

Apply to points along the edge x =0 with spring supports. This condition can be

used only if there is an axis of symmetry in the ¢ direction.

I .
E'l E63 —--=-=-=-=-=- E63 E63 El 0
|
E29 E32---- -------E32 E73 E29 ET72 (A12)
()
El E63~-=---- SR E63 E63 El 0

1
}
X1 Edge =0
\Axis of symmetry x=-—35— g8 X

where E72 and E73 are two new index numbers which are not given in Table 2,

Reference 2. They are defined as:

E72 = 4)\> KE
@
E73 = -4+ )2 =
Ko

This condition is not used in the computef program shown in Appendix A since no

support exists at X =0.
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13.  Boundary Condition Operator for N .
]

Apply to points along the edges ¢ =0 and ¢ = ? except the comer points. The
following table is used for point not on an axis of symmetry. (Sta. 13, 25, 37 in Figure

7.

E66 0 E1l
0 0 0 (A13a)
@)
El E66

The following table is used for point on the axis of symmetry. (Sta. 49 in Figure 7.)

E66 El
0 0 (A13b)
@;)
El E66
14. Stress Function Operator for @ o
Apply to one selected point on the panel. (Sta. 60 in Figull‘e 7.)
1 (A14)

(@)

1

The following diagram shows the details of organizing the coefficient matrix. The
diagram may be compared with a similar diagram shown on page 40, Reference 2.
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~ “a > | ¢ b ~ 2 >
_ mn 2(m +n) + 1 rl‘ mn + m+n -
Wi Vo ¢ P2 ]
Equilibrium Equation Operators (Al)
Boundary Condition Operators for Vy (A2)
Boundary Condition Operators for MX ® (A3)
Boundary Condition Operators for My  (A4) 0
Boundary Condition Operators for Vg (A5)
Boundary Condition Operators for My (A6)
1) Compatibility Condition Operators (A7)
Boundary Condition Operators for Sy (A8)
Boundary Condition Operators for Ny, or v (A9) or (A10)
Boundary Condition Operators for Ny or u
(All) or (A12)
0 Boundary Condition Operators for N, (A13)
\ Stress Function Operator for ¢c (A14) _I
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Preparation of Coefficient Matrix Input Data

The coefficient matrix is read in as three submatrices, named "AA1", "AA2", and
"AA3", which are shown below. In the computer program, the submatrices are gener-
ated in the order: AA3, AAl, AA2, to facilitate data reduction:

r . N

AAL : (mn)
Equilibrium Equation Operators X (2mn+3m+3n+1)
[}
AA2 T~
Boundary Condition Operators 0 (2m+2n+1)
forvy, M M,V ,andM ! X (mn+2m+2n+1)
X Txe' x0T e \ (
AA3 i
Compatibility Operators, Bounda'ry Condition Operators (mn+m+n)
for SX, N v, Nx, u, N(pX’ and. Operator for &, X (2mn+3m+3n+1)
. ' J

Corresponding to the grid pattern shown in Figure 7, where m=5, n = 12, the sizes of
the three submatrices are (60 x 172), (35 x 95), and (77 x 172), respectively. In order
to explain the coefficient matrix input in detail, two examples showing the generation
of a row of the submatrix are illustrated below.

Example 1. The first row of AA3 matrix represents the compatibility condition (A7)
at point 14. The finite difference operators and the related grid point stations are
shown below:

Grid Pattern in the neighborhood of point (14):

74
25 %3 9
. 2 % 2 &
y 2 9

]
16
The corresponding coefficient of w; and ¢i are:
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® ®
Woe V14 AP
E28
€04
B27 E26 E27
5 €13 1t
E25 E24 E23 E24 E25
° ° °
€38 Y G4 % To2
E7 E36 E2T
o7 45 43
E28
46

From the above diagrams, the 96th row of the coefficient matrix, i.e., the first row
of AA3 matrix, may be generated in the following manner. There is a total of 16

non-zero elements in this row.

Column No. | 2 14 26 96 97 98 108 109 110 111 120 121 122 133 157 169
Index No. | E22 E21 E22 E27 E24 E27 E26 E23 E26 E28 E27 E24 E27 E25 E25 E28

Note that Column Number of w.=T, i.e., the grid number is the matrix column

number.

Column Number ofcpr: r+ (mn+ 2m+ 2n+1) =r+ 95, i.e., the grid

number plus 95 is the matrix column number.

The input data card which is identified as (AA30001A) in Appendix A is read as:
016 (002022) (014021) (026022) (096027) (097024) (098027) (108026) (109023) .. ..

where the parentheses are added for convenience in reading. In the card, the first
number (016) indicates the total number of non-zero elements appearing in this row.

The second number (002) is the column number of the first non-zero element, while

the third number (022) is the corresponding index number. The fourth and fifth numbers

are the column number and index number of the second non-zero element of the row,
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and so on. The station number (14) of the center point to which the finite difference
operator is applied is entered as the first number of the input data card AA300000,

which reflects the row number of the matrix element on the (E) table generated.

Example 2. When the finite difference operator is applied to a point one or two pitches

away from the axis of symmetry, some new index numbers will be assigned. Consider

the compatibility condition ( A7 ) applied to grid point 48 as an example:
Grid Pattern in the neighborhood of point (48):

| ]
46
Axis of Symmetry/
[ ] . ] L
59 47 35
PY P 'Y Axis of Symmetry
48 48 36 24

®
Je—ce0
]
o

47 35

bo
The corresponding coefficients for wy and ¢i are

o o
60 WVag V3
E28
o
LIPS
E27 E26 E%7
@59 &47 ®35
E25 E24 E23 Ea4 E2.5
° ° °
%48 @60 LI @36 Po4
E27 E26 E2.7
°
@59 @47 ®q5
E28
K
46
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Corresponding to the above operators, the 33rd row of the AA3 matrix is:

Col. No. |36 48 60 119 130 131 141 142 143 154 155
Index No.| E22 E21 E22 E25 (E27+E27) E24 (E28+E28) (E26+E26 (E23+E 25) (E27+ E27) E24

The total number of non-zero elements in this row is 11. Referring to Table 2, Refer-
ence 2, the following symbols are defined:

E6l = 2 x E27
E62 = 2 x E28
E60= 2 x E26

E52 = E23+E25
The corresponding input for the 33rd row of AA3 matrix card (AA30033) is

011 (036022)(048021)(060022)(119025) (130061) (131024)(141062)(142060) (143052)(154061)
(155024).

The 33rd number in input data cards AA30000 is 48. The latter number identifies the
proper location of the (E) table from which the computed elements are selected.

Additional Information

The computer program described in Appendix A deals with a curved panel with
double axes of symmetry supported at discrete points along the edges. The correspond-
ing grid pattern is fixed as shown in Figure 7. The following suggestions are listed
in order to modify the program for application to other structures:

1. Change dimension and equivalence statements to fit the requirements.
Evidently, all dimensions dependent on the grid sizes m,n, are to be
modified.

2. For a panel with either one or none axis of symmetry, modify the statements
used to compute the grid pitches Ay and adq.

3. The boundary conditions u = 0 or v = 0 can be applied only if there is an axis
of symmetry ingp or y direction, respectively. If the condition u = 0 is used,
" two new index numbers, E72 énd E73, should be defined in the program.
4. The sign of the spring constant input of a point support is dependent on the

specific edge where the support is located. The sign may be determined
using the following diagram.
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~ K, K(p (+ Kl(+)
Kx(—) KX(+)
K K ) K, (=)
Y
©
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SECTION II

THE RESPONSE OF STIFFENED SHELL STRUCTURES TO
TRANSIENT AND IMPULSIVE LOADINGS

The objective of this analysis is to develop a technique for handling stiffened shell
structure response problems involving transient and impulsive loads. For this purpose,
the normal-mode method of analysis is developed. The response solutions for the
displacements and stresses are expressed in terms of a series of normal modes of free
vibration for the built-up shell structure. With the use of energy expressions and
Lagrange's equations, a set of uncoupled equations for the generalized coordinates is

obtained. The solutions to these equations are in terms of time and space integrals.

A method is also developed to determine the normal modes and natural frequencies
for a mass attached structure using natural frequency and modal data of the same struc-
ture without mass attachments. Transient response solution is obtained for the complete
structure with mass attachments. The advantage of this procedure is that an uncoupled
set of dynamic equations is obtained for the solution of the transient response problem

involving the mass attached structure.

Detail programming information related to this section is presented in Appendix
B of this report.

TRANSIENT RESPONSE SOLUTION

In this subsection, analytical solution for the transient response of built-up shell
structures is developed. Details of the computer program are described. The computer
program has been checked-out considering the response of the instrument unit shell
model. In order to determine the convérgence properties of this method, a test case
of simply supported cylindrical shell is also illustrated.

A, Theog

The Lagrange's equations in generalized coordinates, for a system with external
and/or non-conservative forces, may be written in the following form:

d 3T\ _ a(C-V) _ -
dt (Bfll) aql Q1’ 1“1,2,...11 (1)
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where

T = Total kinetic energy of the built-up structure
V = Total potential energy of the structure
9, t) = igll generalized coordinate for the ith normal mode
Q. = i~ generalized component of the external and non-conservative forces

1

For the present problem, the non-conservative force is assumed to be a viscous
damping force. Therefore,

— Lo —
Q= [f [F- om) T+ T, as, as, @)
where

P = External pressure acting on the system

A = Viscous damping coefficient/unit mass

p = Material density

h = Thickness

Sy» 8y = Orthogonal coordinates covering the reference surface of the structure

The displacement vector ﬁ(sl, s2, t) is expressed in terms of the normal modes

v 8y = E g0 T 68, ©)

U (s 2

Substituting the expression for U from Equation (3) into Equation (2) yields
— E ey —
Q = f[s [ P-(ph),Z g Uj‘.Ui ds,ds,
In view of the orthogonality of normal mode displacements,

ffsph (Uj- U,) ds, ds, =0, ifi# j

ffs ph(U; - U)) ds; ds, = N; # 0, if i=] 4)
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the generalized force may be expressed in the following manner:
Q = [js B-T) ds) ds, - AN, &, )

Equation (1) is rewritten with the viscous damping term as follows:

d (3T\_ a(T-V) . _
dt\aqi) 3q; * AN g = Py (62)
where
p, = / [ (®.T) ds, ds, (6b)

In general, since T and V are functions of ff and U, the kinetic and potential
energy terms are quadratic functions of the generalized coordinates qi and q;, respec-
tively. Detail development of these terms for a shell of revolution with ring stiffeners
is given later in the section. At the present, only the general forms of the expressions

are considered. Terms of Equation (6a) are expressed by:

o]
d 3T _ » -
EA IRt e
and
V\_ ¥ :
—)= .2 k..q. 7b
(aqi> =15 9 (™)

In general, the generalized mass and spring terms are of the following form:

m, ffs ' lij ds, ds, (82)

kij ffsl | Iii ds, ds, (8b)

i

The mij terms are derived in Subsection 1. B for a specific case. It is observed
that, since mij and kij are derived from the free vibration modes of a built-up struc-
ture, they satisfy the following conditions:

w; = kij = 0, fori# j
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and

m; # 0, ki, #0

With the use of Equations (7a,b), the Lagrange Equation (6a) for the case of
undamped free vibrations becomes:

m;q ki =0

The solution to the above homogeneous equation is q; = e'® it. Hence,

2
kg =wp My ®)

For the forced vibration case considering damping, Equation (6a) becomes:
.. 2 . ._ 3
my, 9 + w; m, ;g + )\Niqi = Pi ®, i=1,2.... (10a)

This uncoupled set of equations may be written as

N; 2 1
G m et G T g (10b)

The solution to Equation (10b) is given by

t Ni .
qi(t) = exp [AT Ei—l] (Ai cos ‘yii:+Bi sin yit)
' (11a)
1 t \ Ni . ) g
ii‘i % ii
where
241/2
2 )\Ni _
T R TN (11b)
2m
ii

and Ai and Bi are determined from initial displacement and velocity of the structure.
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The displacement solution to the transient response problem is obtained by
summation of the series in Equation (3) with the generalized coordinate expressions
provided by Equation (11). The procedure for computing the generalized coordinate
expressions 9; (t) is as follows: For a given external pressure P acting on the system,
the generalized pressure terms Pi (t) are computed using Equation (6b). The values
of Ni and m, . are obtained for a particular problem using Equations (4) and (8a), respec-
tively. The expressions for Ai and Bi are obtained from the initial displacement and
velocity of the structures. For the case when initial displacement and velocity of the
structure are zero, Ai = 0, Bi = 0. The expression for 9 (t) is then obtained by
integrating either analytically or numerically, the second term on the right-hand side
of Equation (11a).

B. Energy Expressions

In this subsection, kinetic energy expressions are given for a shell of revolution,
as well as for ring stiffeners and mass attachments. These expressions are used to
derive the generalized mass expression mij for the complete built-up structure. The

kinetic energy expression for a shell of revolution is:

T, =3 folfoz" ph (U - T) rdods 12)

where U is the velocity vector at any point of the shell. Substituting from Equation (3)
the normal mode expansion terms into Equation (12) yields:

-3
/)]
I
N | =
S
O\N
5
o
=
AN
It
=t
e
“Z
ULy E
!
=l
S——
2
D
&

(o7}
.
w0
|
h\
ﬁ
E]
L o)
=
a
/—\
!*18
'_rQ-
=]
S—
=
8
&

j§1 ! [ [ oh (T, Ty rdsds

3T, °° ,
dit< > i=1 q]/ph(uu + vvJ + ww)rdeds (13)

where u, v, and w are the displacement components for the displacement vector U.
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The kinetic energy expression for all the ring stiffeners is:

Tg = 1%02" ﬂg—a—& [+ geg? + v-g ep? + 2
(14)
a
+ Pnzn @y + 1)B%|, _ de
R
where
R = Subscript identifying rings
A = Ring cross-sectional area
ap = Radius of ring Number R
B = Rotation of shell at point of attachment of ring
e, = Eccentricity of ring centroid along the normal to the shell surface
e¢ = Meridional distance from ring centroid to shell point of attachment
Iﬁ = Area moment of inertial of ring cross-section about the axis parallel
to meridian tangent of the shell
In = Area moment of inertia of ring cross-section about the axis normal to
surface of the shell
8 = Meridian location of ring stiffener

Substituting the normal mode expansion terms into Equation (14), there is
obtained:

g A ' & . 2 = . 2
Tg = IXL[)Z [piz.llaE([ j£1 (uj+/3j e) qj] +[j§1 (Wj-ﬁj eﬁ)qj]

@ 2
['=1 ]J] > Uy * <J'§1 quj)

ds
R

S=8

which further yields:
d aTR > L .. 2w
3t—< aq'i> = R [jEI qj{) IPRARa'R [(“i v Biey) (4tBe) + (W -Bey

(w.

]_3j eg) L\ Vj)]+ PR2R (1¢+1n) %%IFSR de} (15)
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The kinetic energy expression for all the mass attachments identified by subscript

L is:

Therefore,

-1 T
TM‘LzML(UU)9=9 (16)
L
S=SL
T
d M _ 7~ © 4 T =
d_t<a—‘—aqi>_ T My j§1 q, (Ui-Uj) iy @
YL
B

The individual terms from Equations (13), (15) and (17) are added together to obtain:

where

II.Mg
8
oL

3(Ty + Te + T )
d[ s R M]=J (182)

d—t- . qi

L 2n
mij =j(; foph(ui uj+vi vj + wiwj) rd6ds

2T
- ﬁfo |%AR3R [(ui+Bj ey (U + B;ep)

+

w; - By eg) Wi -Byep) + (v V)]

+

PR2R (Iﬂ + In) ﬂiﬂj]s=s de
. R

+

)
LMy @+ vy v+ W) . (18b)
L

S=SL
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If the normal modes are considered for a shell with ring stiffeners and mass

attachments, these normal mode terms will yield the condition that

m = 0 fori#j

mii#O

And Equations (18a,b) become:

Edi<§%> =Wy (192)

1

and
2 2
m, . Of ph(u vi +wi ) rd9ds

2
* %;6[ TrI“’R""R"“R [(ui T B en)2 W -8 e¢)2 * "12

2
* prAg Ty + 1) B; Ido

S=SR
+2M (ui+v +w) | (19b)
9=9L N
S=8

L

For the case of rotationally symmetric built-up shell structures, displacement
vector ﬁ(sl,sz,t) of Equation (3) above can be expressed in terms of the three displace-
ment components u, v, w and Equation (3) written as:

U(se H)= []

Il Mo

. (8) cos n4b

(t) v; (8) sin n40 (20)
w (s) cos niAh

. where n, = circumferential wave number for the ith made. In Equation (20), summation

of N normal modes is considered, i=1, 2...N identify the natural frequencies of the

- structure in an ascending order. Substituting the ith terms of u, v, w from Equation (20)

into Equation (19b) and integrating with respect to g the following expression is reached:

)/
2 2 2
mii = ﬂ{ rpoh (ui + vy + wi) ds
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b3 2 _ 2 2
* RMPRAR*R l(ui+ﬁien) tw By + v

2 2 2 2
+
*ogg Iy " 1) B; ] . +}3LML [(“i + wy)cos nb,
R

2 .2
+v; sin nieL]s=s (21)
L
In Equation (21), the values of ui(s), vy (s), LA (s) must be known as a functional relation
or in the form of numerical values. Correspondingly, the first term of Equation (21)
may be integrated analytically or numerically. The computer program which performs

the numerical integration will be described later in the section.

C. Transient Point Force Acting on Stiffened Shell Structure

The theory described in subsection (A) is applied to the transient response of a
built-up shell structure acted upon by an arbitrary transient point force. The force is
applied radially at location (s 0° 6 6) on the stiffened shell structure. To evaluate the
generalized force P; from Equation (6b), the radial component P r of the load P is
taken as nonzero:

l 2r
P, =f0 [ P_w,(s,6) rdods

F_(t) wi(s_, 9,) (22)

where Fr is the total applied force given by Equation (22).

The expression for the generalized coordinate qi(t) is obtained by substituting Pi
from Equation (22) into Equation (11a).

N.
i

_ at Ni .
q;(t) = exp <— 5 mﬁ) (A, cosy t + B siny; )

. wi(so) cos(nieo)

t AN .
s [ Pt ew |-gmt - sinye-ndr @)
ii’i 0 ii
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The integration of the second term of Equation (23) is performed numerically.
The numerical integration subroutine will be described in Appendix B.

K the initial displacement and velocity of the shell structure are assumed to be
zero, then in Equation (22),

In order to illustrate the method, consider a damped sinusoidal point force

acting on the stiffened shell structure. The force may be represented as:

= -at
F ) = F e ™" coswt (24)

where w = forcing function frequency (rad/sec)

decay factor for the forcing function.

Substituting the right hand side of Equaﬁon (24) into Equation (23) yields:

w.(8_ ) cos(n, 6 )F t _ _Att-T1)
qt) = =2 mii”il = °o[ coswre %Te™ " 3 sin%(t - 1) d7

The integral of this expression is given by

q(t) = w,(s,) cos8)F, -A% [sinyt [e-ﬂt l'ﬁ°°s(‘° TR (wry)sin(wyt
Mii % 2 8% + (w +yy)?
. -Bcos(w-‘)’i)t +(w=Y) sin(w-7,;)t . [ 1 . 1 ”
B2+ w-7)? B2 +w+yp? B+ (w-7)>?
. cos y;t [e'ﬁt l Bsin(w+)’i)t + (w +7;) cos (w+Y)t
2 B2+ (w+ 71)2

Bsin (w - %) + (w - 7y cos (w - ¥t (w *+7,) (w = ;)

BE+w+n? B+ -7y)°

|

(25)
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where

m..
11

N,
B=ua —%(——1—> (26)

In case the damping is caused by the structural elements including the shell,
rings and mass attachments, the following condition may be used:

So that, Y; and B in Equations (11b) and (26) are written as:

1/2

2
7i=[w?'(%) ] ’
8 = ( - —%) (27a,b)

D. Computer Program for the Transient Response of the Stiffened Shell Structure

A computer program is developed to determine the transient response of a
stiffened shell structure. The prograin is designed for rotationally symmetric built-
up shell structures. However, it may be adapted to handle other types of structures,
if the normal mode and frequency data are available. The initial displacement and
velocity of the structure are assumed to be zero.

The program is designed to handle any arbitrary time dependent point force acting
on the shell structure. For this purpose, Equation (23), which involves numerical
integration, is employed. The numerical values of the forcing function Fr(t) must be
given at a sufficient number of time intervals in order that the numerical integration
subroutine may yield accurate response data. The Fr(t) data is part of the input to
the computer program. In the sample run described in subsection (E), a damped
sinusoidal forcing function, Equation (24), is used. The program generated response
data, q_i(t), are compared with the values computed with the use of Equation (25),
which was obtained through analytical integration.
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The analytical expressions used in the computer program are given by Equations
(20), (21), (23), (24), and (27a,b). The keypunch input data format and program listing
are given in Appendix B. The input data parameters and the notations used in the
program consist of the following:

TIN = initial time, (sec.)

DELT = increment of time, (sec.)

TEND = end of the time, (sec.)

LAMDA ()\). = damping coefficient

FFCT (Fr) =. forcing function at t = 0, (lbs.)

ALFA (@) = decay coefficient

THO = location of loading (circumferentially)

GMFC (w) = forcing function frequency (rad/sec)

NX, NY = axial half wave number and circumferential wave
number

u,V,W,BETA = axial, circumferential, lateral, and rotatory

displacement, respectively

ITAO = number of incremental time to describe the history

of forcing function

MT = number of incremental time to describe the history

of vibro-response + 1

TETA . = circumferential location where response is desired,
(rad.)

NM = number of modes considered

NS = number of sections, a minus sign is attached if a

ring stiffener exists at the rightmost end of the

structure
NRESP = number of points responses are sought
NSEG = number of segments in the section
NSTAT = total number of segments in the entire structure +1
L@CFC = gegment at which the force is applied
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(LRESP(I), I-1, NRESP)
oM (w,)

NCH (n )

NDEGR

AC(D,I=1,7
XA

XB

HA (h)
RHES (p)
KT2

RHG (op)
EN (en)
EPHI ()

IX (1)

IY (1)

RRAD (aR)

AREA (Ap)

NR

segments at which responses are sought
modal frequency, (rad./sec.)
circumferential wave number

number of degrees of the polynomial describing the
meridian configuration

coefficients of the polynomial

beginning point (left to right) of the section (in.)
ending point of the section, (in.)

thickness of shell at the particular section (in.)
material mass density for the section, (Ib-sec2/ in4)

1, if ring exists only at the first segment of the section
2, if ring exists at every segment in the section
0, no rings in the section

mass density of ring material (lb-secz/in4)

distance, in the direction perpendicular to the shell
surface, from shell point of attachment to the centroid
of the ring cross section, (in.)

meridional distance from shell point of attachment to

the centroid of the ring cross section, (in.)

area moment of inertia about the axis parallel to
meridian tangent of the shell surface at the point of
attachment, (in%)

area moment of inertia about the axis perpendicular
. 4
to the surface of the shell, (in)

principal radius of curvature of the ring, (in.)
cross sectional area, (inz)

0, cylindrical shell case - no stiffener
1, general stiffened shell structure
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Z,, Z,, Z

10 Zo» Zgs Z4 and FQ

These are the data punched out from General Stiffened Shell program. The

only data used in the present program are Z1 and FQ.

Zl circumferential wave number

FQ

natural frequency (cps)
The response data generated by the computer program is plotted in Figure 9.

E. Transient Response Program Applied to Simply Supported Cylindrical Shell

The transient response of a simply supported cylindrical shell is considered in
this subsection. Equations to compute the natural frequencies and normal modes for
the cylindrical shell are given, The method to generate the input data for the
transient response program is described. The particular set of geometric parameters
for the cylindrical shell is selected to have comparable overall dimensions and identical

material properties as the instrument unit scale model described previously.

The natural frequencies of a simply supported shell are given by the equation:

NI §
wnkz EVACTNY 41 — n2 + (kn %)2-112 Wi zv )(h>a(§”2[> (28)
12(3) (3) 0%+ (kr 3 ) ]
where n = circumferential wave number
k- = axial half wave number

The lowest n frequencies determined by Equation (28) are arranged in ascending order
and numbered from i = 1,2,...n, such that

9
Wy < Wy < een <w) (29)

where corresponding to the ith frequency Wy »
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The normal modes of a simply supported cylindrical shell are given by the

expressions:
u = A cos nfcos (kn%x) /
a for 0 < x < (;)
v = B sin nfsin (1{177 X) (30)
a 0<06=<27
w = C cos nfsin (k1rz— X)
where, X = % , the normalized axial coordinate

Comparing the above expressions to normal mode terms in Equation (20), the
mode displacements are obtained as shown below:

a

u, = Ai cos (ki"[ X)
v; = B, sin (kin% x) (31)

In Equations (31), the constants Ai and Bi are expressed in terms of Ci by the
following relations:
r 3\
a

[—V (ki1r%)2 + n12] (kiﬂzr)

5 b C, (32a)

a 2 2
[(m )"+ nf ] J
([ A
2
2
2+y .ni) +n; |n,
B. = { [( ) &y £ i ] il (32b)

[(ki”%)2+niz]2

s

These equations are obtained by substituting u, v, and w from Equation (30) into the
differential equations for a cylindrical shell. Equations (28), (31) and (32a,b) are

used to generate data for the frequencies and modal displacements for a given set of
geometric parameters described below. These data are then used as input to the transient
response program where the response can be computed at any point on the shell structure,
In the sample run, the response was computed at the point where load was applied.
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Geometric Parameters for Test Case

The simply supported cylindrical shell considered for the test run has the same

overall dimensions and material properties as the instrument unit scale mode. These
are:

diameter d = 39,0 inch (a =19, 5 inch)
thickness h = 0.05 inch
length § = 53.4 inch

The material properties for aluminum are

10. 3 x 108 psi

Young's modulus E
Poisson's ratio v = 0.3

0.2591 x 10~ 1b. sec. 2/in.

Material density P

In Figure 10 frequency spectra fork=1, 3, 5, 7, 9, and 11 are plotted for the
particular test case with geometric parameters described below. The lowest hundred
frequencies are numbered as shown. The fundamental frequency corresponding to
k; =1and n, =6 is w; =461.6 rad. /sec., (73.6 cycles/sec.).

In Figure 11, the graph of radial displacement response as a function of time is
shown. This response is for the case where a sinusoidal force is applied at a point on
the middle span of the cylindrical shell. The forcing function frequency is identical
to the fundamental frequency of the structure. The difference between the fundamental
mode response and summation of the response for the lowest 18 modes is significant.
The peak value of displacement for the 18-mode response is more than twice the peak
for fundamental mode response alone. Convergence of the modal response is found to
be quite rapid. The solution for the lowest 12 modes differed from the lowest 18 mode

solution by only 0. 5 percent for the peak value of displacement response.

Computer Program for Test Case

The analytical expressions used in this computer program are given by Equations
(28), (31) and (32a,b). The nomenclature for input data are as follows:

A Radius of the cylinder (in)

H Thickness of the cylinder skin (in)
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E Young's modulus of elasticity (psi)
NU Poisson's ratio (0)

RHO  Material density of cylinder skin ab-secz/in4)

L Length of the cylinder (in)
KF Highest axial half wave number of interest (0)
NF Highest circumferential wave number of interest (0)

NKF Highest number of mode of interest (0)

KINC = 1 covers all axial half wave number of interest
= 2 all even or all odd of axial half wave number (if KS =1, odd;
if KS = 2, even)
KS Lowest axial half wave number of interest (0)
NS Number of interior stations to determine the mode shape +1 (0)

The keypunch input format is shown in Appendix B.

NATURAL FREQUENCIES AND NORMAL MODES OF SHELL STRUCTURES WITH

MASS ATTACHMENTS

The mass attachments change the natural frequencies and mode shapes of the
structural system, Even very small masses, which may change the natural frequencies
only slightly, can cause significant changes of modal shapes.

The present method of approach is as follows: The normal modes and natural
frequencies for a mass attached structure are obtained with the use of modal and
frequency data for a structure without mass attachments. By the use of Lagrange's
equations developed in the section, an eigenvalue matrix equation is formulated. The
eigenvalues and eigenvectors of this matrix equation are then used to determine the
frequencies and mode shapes of the mass attached structure. These data are then used
as input to the transient response program. The advantage of this procedure is that
an uncoupled set of differential equations is obtained which deals with the transient
response of shell structures with attached masses.

A. Theory

The analytical approach to obtain the natural frequencies and mode shapes of a
mass attached stiffened shell structure is based on the use of normal mode data for
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the unloaded stiffened shell. For this purpose, Equation (10a2) developed previously
is modified to include the effect of additional mass attachments and the damping and
forcing function terms are set equal to zero:

o0
. 2 . _
m,, qi+wi m,. qi+<j;1 Mij qj> =0 (33)
where m,, is given by Equation (21) and Mij is identical to the last term of Equation
(18b):

Mij = E ML (uiuj +Vivj +wiwj)
(34a)

For a rotationally symmetric shell structure, with the use of Equation (20), Equation
(34a) is rewritten as:

Mij = 123 ML [(uiuj +wiwj) cos niBL cos njeL +vivj sin niGL sin anL s (34b)
L

Corresponding to the free harmonic vibration motion of the complete system, the

generalized coordinate q; is given by:
(r) _ AlD) s
aQjy (t) Ai sin w,, t (35)

where r represents the rth mode of free vibration of the complete system. Substitution

of q; from Equation (35) into Equation (33) gives:

n
- w2 ), .2 r) _ 2 ©Y _n o
w, miiAi +aui miiAi - W, JZ;MijAJ- 0, i=1,2,38,...n (36)
w 2
Both sides of this equation are multiplied by > 12 to obtain:
it R

2 2 n
w w
<—15>A(;‘> _ <_L2_> AD 4 L <Z MijA(?) .

W, wy i \j=a1

52




Due to practical limitations in computation, only the first n modes are considered in
Equation (37). It is also noted that W, -==-w; are the known frequencies of the unloaded

shell, W, is the unknown frequency of the mass attached shell. The equation may be
rewritten as:

2 2\l n
w M..
ot S DN G e NN () , i A () o
2 Ai 2 /|4 <Ai +m.. Aj »1=1,2...n (38)
w, w; /1=l ii

The corresponding matrix equation is:

p—

)@ M Mg ()
A, . ) e[ [a)

* 2 2
W . w M w M
—12 <Ai> = <—l><m—21> (—-l)<1+—@> e e e . o | A} (39)
w “% 22 @2 T2 1.1

.
.
[ ]
.
.
.
.
.
.
.
.
-
-
.
.
]
.
[ ] [ ] . .

2
’ w
Equation (39) represents an eigenvalue problem with eigenvalues 5\1— = <-—12-> and
(r) T
A
eigenvectors A2 . The eigenvalues and eigenvectors for the matrix can be
A
n

computed with the use of the Miters eigenvalue subroutine supplied in the program
package.

53




B. Simply Supported Cylindrical Shell with Mass Attachment

The theory developed above is used to determine natural frequencies and mode
shapes for a simply supported cylindrical shell with mass attachments. The generalized
mass expression m,, for the shell is given by the first term of Equation (21):

(£/a)
m., = wazph / (ui2 + vi2 +wi2) dx (40)
0

where x =§ the normalized axial coordinate. Substitution of the expressions Uy Vi

LA from Equations (31) into the above equations gives:

(£/a) '
m.. = ﬂazphfo [Aiz cosz(kiﬂ % x) + (Bi2 + Ciz)sinz(Ki'rr% x)] dx

therefore,

J/

2 2. 2
55 (A + B +C%) (41)

2
m,; = ma'ph
In Equation (41), the constants Ai and B, are expressed in terms of Ci through
Equations (32a,b). Furthermore, it is assumed that Ci =1, so that the maximum Wy
displacement becomes unity. The generalized mass expression Mij’ given by Equation

(34b), becomes:

M.. =2 M

ij LL

a a . a
[AiAj cos(kin 7 XL)cos(kjn 7 XL) + CiCj sm(kiw 7 XL)
a

. . a
Sln(kjnl XL)]. cos niOL cos nJ.GL + BiBj sm(kin 7 XL)

sin(kjﬂ % X;)sinn@, sin nje L (42)

Using Equations (41), (42), and the natural frequencies w; determined from Equation
(28) above, the (n x n) matrix Equation (39) is solved in terms of the eigenvalues and

eigenvectors.
The displacement modes for the shell are then determined by the use of equations:

u(x,6) n A, cos(n.9) cos(kin% X)

_ (r) L a
v(x,6) l = Z Ai Bi sm(nie) sin(kinl- X) (43)
w(x,8) 1=1 C, cos(n;0) sin(k;m % x)
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C. Computer Program for Cylindrical Shell with Mass Attachments '

A computer program is developed, based on the above theory, to determine the
natural frequencies and mode shapes of a simply supported cylindrical shell with mass
attachments. This program can be generalized to handle rota:tibnally symmetric built-
up shells with attached masses. The analytical expressions used in the program are
given by Equations (32a,b), (39), (41), (42) and (43).
to determine the eigenvalues and eigenvectors of the matrix in Equation (39).

The Miters subroutine is used

The input data parameters for the program are:

A (a) Radius of cylinder (in)

CL (2) Length of cylinder (in)

H (h) Thickness of the skin (in)

Rho (p) Mass density of the skin material (lb—secz/ in4)

XL Xp) Meridional distance from the left end to the location where mass
is attached (in)

THL () Cylindrical angle (rad)

THI Initial angular location where response is sought (rad)

AMASS (M;)  Attached mass (lb—secz/in)

INC Number of increment to determine stations in either axial or cir-
cumferential direction

NMODE The least number of modes, with which convergence will be
secured

IMODE Starting number of mode with which behavior of convergence can
be observed (IMOD < NMODE)

IINC Number of modes to be added to IMOD in convergence study. The

modes are added in successive batches until NMODE is reached.

The output data consists of:

Wy - rth natural frequency of mass attached shell (rad/sec)
(A]j (r)
A2
th
* 3 - r  mode shape vector
Al
{ 'n
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u
{v] - displacements at various locations of the shell
w

The simply supported cylindrical shell used previously in the unloaded configura-
‘ tion is now investigated with additional mass attachment. The mass ML and location
of the mass are:

=
i

L = 0.259x 1072 Ib secz/in. ,» wWhich is the mass corresponding to a 1 1b weight.
- L)

XL (2a

6y, =0

The two lowest natural frequencies and the corresponding mode shapes are
computed using 30, 40 and 50 modes of the unloaded shell. The computed results show
that the frequencies and mode shapes converge for the 40 mode solution. Furthermore,
it was found that for the 10 mode solution, frequencies converge to within 3 percent of
the 40 mode solution. However, the mode shapes from the 10 mode solution did not
show good agreement with the mode shape from 40 mode solution. This is the usual

result of the energy approach, namely the frequencies converge to the correct values

faster than the mode shapes as the number of modes used for computation is increased.

Using 40 modes, the computed frequencies and corresponding mode shapes for
the lowest two modes of the mass attached shell are shown in Figures 12, 13, and 14.
Figure 12 shows the displacement w along the axial coordinate of the shell for modes 1
and 2. Figure 13 ahd 14 show the displacement w along the circumferential coordinate
of the shell. Similar results have been obtained experimentally (Reference 4) for a
cylindrical shell with somewhat different geometric parameters. In general, the mode

shapes obtained in the analysis are very similar to the above quoted experimental results.

' D. stiffened Shell Structures with Mass Attachments

The computer program described above for the mass-attached cylindrical shells
can be readily generalized to determine the natural frequencies and mode shapes of
rotationally symmetric shell structures with mass attachments. The basic theory and
analysis are identical for both type shells. A brief description of the method for writing
this computer program is now given,

The program is designed to compute the eigenvalues and eigenvectors of the (nxn)
matrix in Equation (39). The expressions for m,; -and Mij are given by Equations (21) and
(34b), respectively. In these equations, the values of ui(s), vi(s) and w;(s) must be known
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Normalized
Displacement W

1.0 Mass of -;- (lb-secz/in)
attached at,
-8 x = L/2a, (6 =0)
.6
.4
1ST MODE
.2 f =60.73 CPS

0 }
X =s/a —_— f/a=2.74
6=0
1.0
.87
=
gr
—t . 1
dE
Eo
S
(]
21 2ND MODE
f =74.,44 CPS
0 s ,
X =s/a —_— //a
(6 =0)

FIGURE 12. AXIAL DEFLECTION
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f =60,73 CP8

FIGURE 13. CIRCUMFERENTIAL DEFLECTION (THE FIRST MODE)
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FIGURE 14, CIRCUMFERENTIAL DEFLECTION (THE SECOND MODE)
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as a functional relation or in the form of numerical values at sufficient number of
locations along the axial coordinate of the built-up shell structure. Hence, the first
term of Equation (21) may be integrated either analytical or numerically. The numer-
ical integration subroutine has been used in the transient response computer program
described previously. The same subroutine is used in the present program,

The input data to this computer program consist of the geometric parameters
for the built-up shell and sufficient number of natural frequencies with corresponding
mode shapes to obtain convergent eigenvalues for the (nxn) matrix. The computed
values of the eigenvectors are then used to determine the displacement components of
the shell. The displacements are computed by using Equation (20) which is rewritten
for the rotationally symmetric shell case as

u(s, 6) n u;(s) cos n; 6
v(s,08)} = i§1 Agr) vi(s) sin n; §
w(s, 0) w;(s) cos nj 6

where superscript (r) represents the rth mode of the mass attached shell. The input
data parameters and the notations used in the program are similar to those used for
the transient response program discussed above.
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SECTION IV

ACOUSTIC LOADING AND BLAST OVERPRESSURE

RANDOM ACOUSTIC TESTING

The Saturn V instrument unit scale model was mounted in a 170 cubic-foot
reverberant chamber for broad band random acoustic noise tests. The chamber was
lined with 8-inch thick open-cell foam material to provide anechoic conditions. The
ends of the specimen were capped, with the lower end bolted securely to the chamber
floor. As shown in Figure 15, four accelerometers were mounted to the periphery of
the instrument unit 90 degrees apart and one each to the upper and lower shell seg-
ments. Three microphones were mounted around the specimen for external sound
field measurements. One additional microphone was installed inside the specimen at

the geometric center.

Tests were conducted at an overall sound pressure level of 145 dB for two con-
figurations of the instrument unit model. In the first test,no masses simulating instru-
ment packages were installed. In the second test,eight weights were installed on the
instrument unit section of the model. Each weight was centered within a 15 degree

section simulating instrument package installation.

The recording instrumentation consisted of Endevco Dyna-Monitors, B & K and
Altec Microphones and Power Supplies, C.E.C. Recording Oscillograph, and a
Sanborn 14-Channel Magnetic Tape Recorder. A block diagram of the essential
components of instrumentation used for recording and analysis of the acoustic data
are shown in Figure 16.

In the random acoustic tests performed, the real time data were recorded on
magnetic tapes. The loop data were processed into power spectral data using standard
instrumentation. Specifically, autocorrelation function was generated based on the
real time data. The Fourier transformation of the autocorrelation function yielded
the power spectral data which were plotted by the X-Y recorder. Typical input and
response power spectra for the random acoustic excitation are shown subsequently in
this section under the heading "Acoustic Response Analysis of Stiffened Shell Models"
together with the analytical response spectrum.

61




FIGURE 15,

M #4
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ACOUSTIC TEST INSTRUMENTATION ON THE INSTRUMENT
UNIT SCALE MODEL
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FIGURE 16. BLOCK DIAGRAM, RECORDING AND ANALYSIS EQUIPMENT
FOR ACOUSTIC TESTS
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BLAST OVERPRESSURE TESTING

The same instrument unit scale model was subjected to a simulated blast
overpressure condition in the same configurations as that used for broad band random
acoustic testing, The capped ends of the specimen allow atmospheric pressure to
exist within the specimen cavity while the external surface is exposed to the over-
pressure pulse. The tests were conducted in the reverberant chamber.

The overpressure pulse was obtained by applying a controlled electrical impulse
to the Norair MK-V acoustic generator. The generator employs a unique poppet valve
design which controls the high pressure air flow at the mouth of the horn. The single
electrical impulse produces a high pressure wave in the form of a shock front sawtooth.
Peak pressures approaching 0. 5 psi were obtained by this method. Six accelerometers
and four microphones were monitored and recorded for both specimen configurations
tested. The locations of the pickups were the same as that used in the acoustic tests
which are shown in Figure 15. In addition to the above mentioned instrumentation, an
attempt was made to record the surface bending strain at three points on the specimen
surface. It was found during initial tests that the strain levels were too low to be
accurately recorded for analysis purposes. Typical real time data are shown in
Figures 17 and 18 for the unloaded instrument unit scale model. In Figure 17, the
accelerometer data are recorded in six (6) channels. The corresponding strain gage

and microphone data are recorded in Figure 18,

ACOUSTIC RESPONSE ANALYSIS OF STIFFENED SHELL MODELS

A (1:6.67) scale model of the instrument unit shell structure was tested in
Northrop Norair acoustic chamber. The detail test setup was described in previous
subsections. The real time data were recorded on magnetic tape loops and processed
into power spectra using standard instrumentation. Typical input and response power
spectra generated in this manner are plotted in Figures 19 and 20. An analytical
technique described in References 5 and 6 was used to generate the response data
using the input spectrum and the previously obtained natural frequency modes of the
shell scale model. The data obtained analytically are over-plotted in Figure 20. The
following is a description of the analysis.
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OF INSTRUMENT UNIT SCALE MODEL

FREQUENCY f

FIGURE 20.




Let the Fourier transform of the acoustic pressure be expressed as Fp(x, w), it

may be shown that the expression for the power spectrum of the radial displacement

is:

¢ (W =L

Wk (x) wj (x)

X
2 2 . 2 2 .
k j Mk’(wk-w) + 1Ckw] Mj [(wj - WY - 1Cjw

|

A

In the above formulation, only the normal pressure is considered. The following

conventions are used:

Wi x)
Wy

My

wc

H >l

]

the kt"h normal mode of the shell

the k2 eigen-frequency (rad/sec)

the generalized mass corresponding to the kth mode

_ 2
[ mod+ kv ak + 2 poa, [T (A6 * By o)
A i °
+ vi + (wk-ﬂke¢)2] + (Ix+1y)/31?;|rd9 2)

the damping coefficient of the kt'h mode

the total surface area of the shell
time

index for rings in stiffened shell
V-1

mass of shell per unit area
displacement components

angle of rotation
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pP_ = density of the ring stiffener material
a_ = radius of the ring stiffener

A = cross section of the ring stiffener

I,I = moment of inertia of the ring stiffener about its principal axes

€e,€ @ = distance between c.g. of the ring to the point of attachment in n and ¢
directions, respectively, (see Reference 1, p. 23)

The power spectral density as obtained from an external pressure pickup is
assumed to be typical of the acoustic input spectra, (Figure 19). The following
assumptions are employed to simplify the computations.

A) p(x, t) = h(x) i) 3)
i.e.,
Fo (6 w) = hix) F' (W) 4
where
[T
T 1 -iwt
F () = i(t) e dt (5)
Y Var -1
B) G = 2yuw, (8)
where
c _ @&
A i 2
cr
¢ = damping coefficient

the magnitude of the viscous resistance at unit velocity

0
Il

or critical damping coefficient

On
i

the logarithmic decrement of the amplitude
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Substituting Equations (3) through (6) into (1) and using the definition of the
power spectrum, the following is obtained:

- lm T T T
¢p(x, W) = Tl po- Fp %, w) Fp (%, w) (7)

The power spectral density of the shell acoustic response may be obtained as follows:

& (50) = & (W) EE ——y k) : ol x
wy? p kj Mk [(wkf- w2) + 2iywwl] Mj [(sz - wz) - 2iywwj]

I w, (%)) hex,) 1 Wy (%) hx,) dA, d&,

A A
B, w, (x) B, w, (%)
= ¢p(w) 41‘{3? " [ (“’li B :2); N 4yzwzwz ] ' Mj [ (wjz _wjz)zj+ 4y2w2wj7)] X
g - w) W -0 + %P o | ®)
where
¢p(w) = —%%l (9)
B, = [ w0 hx) d& (10)
A

In Equation (10), Bk is the generalized force corresponding to mode wk(x). For

the unloaded instrument unit scale model, wk(x) = Vvk(s) cos nkG, the acoustic pressure

distribution is assumed as the following:

roly

cos G, --721595

h(x) = 0

L8 3m
0.-2-5052

IA
w
A
=

1)
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so that

= X, W)
o, = o, |0=0, e,
T L
= - nlz{z— ) cos 1112( /‘; R(s) Wk(s) ds , n £ 1
Bk (12).

L
(/2 [ R(s) W (o) ds , n =1
o

In Equations (12), R(s) is the geometrical radius of the shell which is a function
of the meridian locations. The solid line in Figure 20 shows the typical experimental
power spectrum data of the shell response. The ordinate used in the plot is the
spectral density of the acceleration level measﬁred in g's. In other words, it repre-
sents the spectral density of (wwz/é) and has a dimension of (cps_l) since the frequency
coordinate is in cps. The dotted line indicates the computed value (<I>g) corresponding
to the shell natural frequencies with ¥ = 0. 0032. The formula used to compute <I>g is
an alternative version of Equation (8) which is explained below:

4
¢ (x,w) -_‘é%-

1

¢g(x, w)

B, w, (%) B. w.(x)
¢ (WL kK ) X

R [ e e
G [ ] o) ()

where subscript g indicates the response in terms of acceleration level and g is the

13)

gravitational acceleration.

To mechanize the analysis described above, the following step-by-step pro-
cedures may be used,
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1. Run a stiffened shell program or other similar programs to obtain all the
natural modes with frequencies lower than the upper limit of the response
frequency range. The program generates the natural frequency w, and
mode shape Wies Wes Vi Bk, etc. for each mode. Figure 21 shows the
effect of the shell response at high frequency region which is influenced by
a low frequency mode using the single mode approach. The plot stresses
the importance of compiling all the natural frequency modes below the cut-

off frequency in acoustic response investigation.
2. Compute the generalized mass Mk for each mode using Equation (2).

3. Choose a typical input power spectrum of acoustic loads @p(xo, w)ata

certain location x = X,
4. Determine the spacewise pressure distribution function h(x).
5, Compute the generalized force Bk for each mode using Equation (10).

6. Determine a number of frequencies w on the input spectrum at which the
values of CI)p(xo, W) are measured or tabulated. The following frequencies

are to be includec_l:

a. A frequency corresponding to the peak of the input spectrum. Also two
or three additional frequencies in its neighborhood which completely

define the peak pattern.

¢g(w) _ K
? (W) 2 42 2
)
w Y w
K/4y?

[l
1}
S
|
og| ,‘JT’
~—

WAl

I

SHE LL RESPONSE ¢.g/¢p

FREQUENCY w

FIGURE 21. TRANSFER FUNCTION CORRESPONDING TO A SINGLE MODE
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10.

b. A shell natural frequency. Also two or three additional frequencies in
the neighborhood of the natural frequency.

After the above frequencies have been chosen, additional frequency values

are selected so that the entire frequency range is properly covered.

Measure <I>p(xo, w) at each response frequency @ determined in the previous
step.
%o @)
Compute and tabulate — = ¢p(w) as a function of w.
h™(x,)

Determine the damping coefficient ¢ = ‘}’ccr based on experimental data. In
case the damping data is not available, the following procedure may be used
The procedure is based on a best fit of the peak values of the analytical and
experimental response power spectra at certain mode frequencies. Use the

following formula to estimate the peak value of the power spectral density

of the shell acoustic response at the natural frequency of the kth mode

(w = wk):

! 2
B, w, (x)
k_k 1
¢(X,w)=¢(w)[ —J
g k Pk ng 4)'2
In the above equation, ¥ is adjusted so that a proper fit may be obtained
between the test and analytical data. Several natural frequency modes are

used to reach a reasonable mean value of the damping coefficient.

Run the acoustic response program to obtain the shell response <I>g(x w)

1,

at a specific location x = x, with the following data as input:

1
a. The damping constant ¥

b. The natural frequencies of the modes wk, k=1, 2...N
¢. The generalized forces of the modes Bk’ k=1, 2...N

d. The generalized masses of the modes M, , k=1, 2...N

k’
e. The response frequencies w(l), I=1, 2...L

f. The input power spectrum cI>p (w@D], I=1, 2...L
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g. The amplitudes of the normal mode shapes at x = x
wk(xl), k=1, 2...N

1

where N = the total number of input modes
L = the total number of stations selected in the frequency domain

The complete program and the work instructions to carry out the above
analytical procedures are given in Appendix C.

A sample run was performed to predict the acoustic response of the instrument
unit scale model in the frequency range between 40 and 350 cps. The spacewise
pressure distribution was assumed to be prescribed by Equation (11). Nine natural
modes were employed as part of the input. The model data were obtained through the
general stiffened shell program. Their validity was confirmed by vibration tests.

Figure 22 shows the driving point impedance plot of the unloaded instrument unit
scale model. The computed eigen-frequencies of the input modes used in acoustic
analysis are marked in the figure. The low impedance points in between the arrow-
heads reflect the modes with odd circumferential wave numbers (nk =3,5 7T...).

It may be seen from Equation (12) that

Bk= 0 for nk=3,5,7...

Therefore, those modes do not contribute to the response spectrum and are not included
in the acoustic response computation. Table 1 shows the detail modal data of the input
modes used. The data (wk) have been normalized and are non-dimensional. It may be
seen that (B, w,) / (Mké) remains to be non-dimensional while g has a unit of (inch/
second”). The analytical spectrum computed in this manner is plotted as a broken line
in Figure 20,
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TABLE 1. MODAL INPUT DATA USED IN THE INSTRUMENT
UNIT ACOUSTIC RESPONSE PROGRAM

AMPLITUDE OF

HARMONIC NATURAL MODAL SHAPE GENERALIZED INTEGRATION
NO. FREQUENCY AT 6=0, s=s0 MASS CONSTANT
. 2 .
n, (cps) w M, (lb.in. sec”) (b, in.)
J wj / om k k P
1 0.11 0.988 0.0908 926 x (12’—)

1 15.0 -0. 0235 0.06 74.5 x

—_—
o 0|
N —

—_—
l\’)wl
N

2 22.8 0.786 0.0377 732.1x

2 42.6 -0.209 0.0243 -107.3 x (?)

4 87.25 0.99 0. 029 -745 x (%)

6 105. 0 0.984 0.0263 628 x (L)
35

4 188. 8 0.21 0.01985 -69.5 x (—2

»
—
=

< 5]
SN—

—
(3,
N ——

4 306. 6 -0.408 0.0192 -181.7 x (

6 348. 5 -0.753 0.0218 257 x (—2-)

(V]
[9)]
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SECTION V

SHELL SCALE MODEL DESIGN PROCEDURE

To design shell scale models for dynamic investigation, it is important to
establish specific similitude relations. The similitude relations are used to define
the dimensions, materials and other parameters in model design. They are also used
to interpret the model dynamic response data and to predict the corresponding res-
ponses in the full scale structure.

During the present investigation, a number of scale models have been designed
and tested. In one case, the scale model dynamic response data were compared with
the full scale structure data. In general, the procedure has been found satisfactory

and is described below.

GENERAL SCALING CONSIDERATIONS

Assume a prototype structure which has a diameter of 260 inches and is made of
honeycomb sandwich. The scale model is made of solid aluminum sheet with ring
stiffeners. The linear scale ratio is 1:6.67. The basic dimension system of length,
force, time is used. In establishing the scaling relations, a prime on a variable is
used to indicate the full scale structure (prototype). A non-primed variable is used
to indicate the scale model. Corresponding to the basic dimensions (/, F, t), the

following nomenclatures are used:

' =\
F' = XF
t' =1t

For most other variables, the scaling ratio is represented by o attached with a sub-
script indicating the variable under consideration. Thus the scaling factor for the
Young's modulus is:

o, = E'/E.

To establish proper scaling relations for shell structures, typical shell dynamic
equations are established. The procedure used here is similar to the one demonstrated
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in the previous reports. Starting with the shell equations originated by Vlasov
(Reference 8), the equations in the most general form are:

1 _
Eh AN D + Dw =0 (1)
D AAw -2D¢ = q, 2)

In the above equations, h is the shell thickness, D is the shell flexural rigidity, A is
the Laplace operator in the curvilinear coordinates, 2is another second order differ-
ential operator. @ is an auxiliary stress function whose second derivatives yield the
in-plance stresses. & has a dimension of (Ff). w is the normal displacement, qQ, is
the normal load on the shell. For a cylindrical shell, the cylindrical coordinate
system (r, 6, z) is used. The two differential operators may be written as:

Zz%(-l_ i+i)

2 362 3 2
X . 1 . . 1
So that A has the dimension of (F) andOhas the dimension of (—3—) . The shell
!
flexural rigidity D may be defined below.
For solid shell:
3
Eh
D = —— 3
12(1 - V4 )
For honeycomb sandwich shell:
b - Ehth+20)” @
16 (1 - V%)

where h is the sandwich skin total thickness and c is the core thickness.

For dynamic case, it is understood that a factor el'Qt

terms of (1), (2). The normal load q,, is represented in terms of the inertia forces.
Thus, for a solid shell

has been dropped from all

qn=phu.?W» (3)

79




For a honeycomb sandwich shell,

2 -
q, © PH W™ w (6)
where H is the compacted thickness of the shell.

Using the primed variables for the prototype structure and non-primed
variables for the scale model, the coupled shell equations (1), (2) for the prototype
may be rewritten as follows in terms of the scale model variables:

X _ L Ap®-+ lz—,@w=0 (7
o % En A
E
o .
;?DAAw-—ng¢=opogz o oh o w (8)

In order that Equations (7), (8) are equivalent to Equations (1), (2) applied to the
scale model, the following scaling relations are required:

X = 0 A2 9
oy = op A’ (10)
1, PE 1 [ 1)

c = =
Q VO J o, A2 %%
In the above derivation, it has been assumed that:

_ 12
cq,—x)t (12)

Since the second derivatives of the auxiliary function & yields the membrane
stresses, Equation (12) is acceptable as long as the shell thickness is scaled according
to (A). In case this latter condition is not satisfied, then the membrane stress
scaling relation is violated. Proper compensation is needed if the membrane stresses
are significant. A typical example of discrepancy in membrane stress scaling in-
volves the modeling of a sandwich honeycomb shell using a solid shell. This will be
explained later through Equation (10).

Equation (9) defines the scaling relation for the Young's moduli of the prototype
and the scale model in terms of the force and length scales. Equation (10) defines
the shell flexural rigidity scaling relation which is important in thin shells used in

aerospace structures. aD is a ratio of the flexural rigidity where proper expression
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(3) or (4) is to be used. Equation (11) defines the frequency ratio. The equation is

g
) =.Q/.Q=% /% (13)

for the special case % =A. For a shell structure where concentrated mass(es) M is

attached, the contribution to the inertia term at the right hand side of Equation (72) is
of the following type:

reduced fo:

M
qn=ﬁ‘w w (14)

where [ 2 is the area of attachment. A scaling relation similar to (11) is then:

o G
- [_E _ 1 /D
% ~ VA oy * /oy (1)

which may be rewritten as:

o
___D 42
O -)\2 > = A crHop (16)
%

Equation (16) is essentially a relation of consistent mass scaling for the shell and
the attached mass.

Consider a scale model made of the same material as the prototype,

OE =0y = 1, the scaling relations are simplified as shown below:

X =A? (17)
oy =23 (18)
- 1 , :

O'Q = \7;\3?— : (.19)
_ Y2
Oy = A0y (20)

Equation (19) is reduced to 0y =  if the special condition g, = A applies. The

corresponding scaling relation (20) is then Ve A3-
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Now consider the dynamic impedance of a shell structure, the impéda.nce
amplitude may be defined as:

| Z(w)| = el (21)
wwz

which has a dimension of mass. The scaling relation for impedance amplitude is then:

o
132 __ D
o, =X Oy% = )\2092 (22)

NUMERICAL DATA

A scale model is designed for a Saturn V sandwich honeycomb shell structure.
A linear scaling ratio of A = 6.67 is used. The scale model uses solid aluminum
sheet 6061-T4 with ring stiffeners. The same material is used in the majority portion

of the prototype structure. The prototype shell has the following dimensional and
material data:

R' = 260"

H' = 0.1125", h' = 0. 042"
¢! =0.90"

E' =E =10.3 x 10° psi
V' = v=0.30

The other dimensional details including stiffeners, attached weights, and supporting
conditions are not given here. They may be computed according to the relations

established in the section. Applying Equation (4), the flexural rigidity of the prototype
shell is:

D' = 1.005 x 10° Ib. in.

Assuming a scale model shell thickness of 0.071", the following scaling ratios are
obtained:

= 1 =
Oy H'/h = 1.585

_ 1.005 x 109 _
°p= T 338 =297
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According to Equation (10), op= aE)\a = 296 which is consistent with the above com-~
puted value. Equation (16) is used to compute the mass scaling ratio which yields:

M 2. 2
Aog

=170.5 (24)

which is also equal to 0, according to Equation (22). The driving point dynamic

impedances for the proto%ype and the scale model are plotted in Figure 23. In the
plot, the ordinate indicates the impedance in terms of | Z(w)l . g so that the unit is
(Ib.) instead of a mass unit. The prototype data are plotted in a solid line. The scale
model data which have been modified using Equations.(23), (24), are plotted in a

broken line.
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SECTION VI

CONC LUSIONS AND RECOMMENDATIONS

RE VIEW OF ACCOMPLISHED WORK

The shell structures in the various stages of the SATURN V system are large,
massive, and intricate. To conduct vibration tests involving the components mounted
on the shell structures, correspondingly large and expensive facilities are needed. To
perform the tests economically on certain shell-mounted components, with no sacrifice
in the validity of the test data, a rational shell segmentation procedure is an attractive

approach.

The procedure described in the report involved the determination of the dynamic
responses of the complete and uncut shell structure. Based on the response data, a
part of the shell structure with the mounted components was determined and segmented.
To compensate for the dynamic interaction between the segmented shell and the remain-
ing structure, flexible supports were adapted in the test setup. A criterion in the seg-
mentation and support design was to retain as many as possible of the major vibration
modes of the uncut shell structure. The modal data were obtained in the vioration test
using a frequency sweep. The segmentation procedure served to demonstrate the feasi-
bility and desirability of the approach.

A shell model scaling technique developed in the contract period will be of special
interest to testing engineers. Using the technique, scale models were designed to
verify the segmentation procedure. The test data based on the scale model were scaled
up to predict the vibration response of the full scale structure. In this manner, the
segmented specimen of the full scale SATURN shell structure was designed and fabri-
cated. Applying this technique, the engineer will have sufficient confidence that the

designed specimen will have the desired dynamic responses under vibration.

To substantiate the test procedure, a parallel analytical investigation was conducted
in the program. Specifically, the overall shell response was investigated using an
integration procedure. For the segmented shell with mounted components, a finite
difference technique was developed to generate the modal data.
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The detailed work items on shell segmentation completed during the contract

period are listed below:

1.

A rectangular plate with various flexible supports was tested to evaluate
the dynamic characteristics of the supports and the effect of point supports
to the plate responses.

A finite difference computer program was developed to predict the modal

data of the flexibly-supported rectangular plate.

Four (4) shell scale models were designed and fabricated based on the
component-mounted SATURN shell structures. Vibration tests were
performed to acquire the modal data. The shell scale model design

procedure was formulated and documented in the final report.

Differential equations were established for the complete shell of revolution.
Detailed formulation of the dynamic impedance of the ring stiffeners was
carried out and documented in the first year progress report (Reference 1).
A computer program was generated using stepwise integration and

congidering the ring impedances.

A segmentation procedure was established which was applied to two shell
scale models. Vibration test data were acquired and documented for the

segmented specimens.

A finite difference method was used to predict the modal data of the seg-
mented shell. The mass and moment inertia of the attached components
were considered, as well as the edge flexible supports. The method was
mechanized in a computer program. In general, the analytical data

generated by the computer program compared favorably with the test data.

A shell model scaling technique described above was applied to the

SATURN S-4B instrument unit prototype (full scale) structure. Vibration
tests were successfully conducted on the full scale segménted shell structure
with mounted components making use of the scale model data acquired

previously.

In addition to the work items described above, shell dynamic responses of a

more general nature were investigated during the second year of the contract period.

The investigation included the responses of the stiffened shell structures under

transient and impulsive loadings, and the shell acoustic and blast overpressure
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responses. The work conducted on these additional subjects is described in Sections
III and IV of the present report. A number of computer programs were generated
and checked out for the purpose which are documented in the Appendix,

CONCLUSIONS AND RECOMMENDATIONS

The investigation conducted in the contract demonstrated the feasibility of
performing vibration tests for shell-mounted components using a segmented shell
structure. A design procedure and related guidelines were formulated for this
purpose. (See Reference 2 and the final report.) As is well known to the test
engineers, the design and location of the flexible supports have a significant effect on
the dynamic responses of the segmented structure. Since the SATURN shell structures
are always large and expensive, it is well advisable to conduct a scale model investi-
gation prior to segmentation design and fabrication. In the S-4B instrument unit
segmentation test conducted in the contract, it was found that sufficient friction and
damping existed in the segmented shell and supports. No additional damping devices
were needed to control the vibration amplitudes. For other shell structures such as
the S-1C oxidizer tank bulkhead, the inherent damping in the segmented piece may be
relatively small. In this case, it may be necessary to adjust the vibration input to
regulate the amplitudes. Otherwise, damping devices may be installed at the support-

ing stations to control the response amplitudes.

In the vibration tests performed, partially because of size and facility limita-
tions, the vibration inputs (shaker heads) were connected to the test specimens. The
inputs were regulated so that the desired amplitudes (as functions of the frequency)
were reached at specified locations. In certain tests, it may be desirable to install
the flexibly-supported specimen on a very rigid structure. The vibration inputs are
then supplied through the rigid structure. For the latter case, the procedure reported
in the contract may still apply with certain modifications such as the manner the

vibration amplitudes are monitored and controlled, etc.

Analytical study on the modal responses of the complete and segmented shell
supplied a guideline and gave insight to the problems involved. It is thus always
advisable to apply the analytical technique described in the report or similar methods
before or during the tests.
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To conclude the report, the following specific recommendations are postulated:

1. Use the segmentation procedure for selected component qualification tests
on SATURN structures. It may be advisable to start with some hardware
where substantial experiences have been accummulated on the testing of a
shell structure which was not segmented. When properly applied, substan-
tial savings in time and expenses may be realized in conducting vibration

tests using the segmented shells,

2. Explore the use of the finite element method in predicting the modal data
of the segmented shell structures. In the contract work, the finite difference
method was used to investigate the modal behavior of a segmented and
flexibly-supported shell. The finite difference method possesses certain
desirable features in dealing with singly or doubly curved shell structures.
Using the method, the input data generation to the computer program is
somewhat cumbersome. In order that the segmentation technique may be
used by a large number of testing engineers, it is advisable to explore the
use of the finite element method where the input data may be generated in a
more mechanical fashion. It is recommended that the latter approach be

explored in future investigations.

3. Further explore the acoustic responses of a stiffened shell structure of the
SATURN type. During the contract period, random acoustic tests were
performed on the complete instrument unit scale model. Power spectra of
the acoustic input, the shell responses and the acoustic pressure inside
the enclosed shell were generated. An analytical method was used to
predict the shell acoustic response which was described in the present
report. Since the preparations of the report draft, the principal investigator
has further explored the subject. Using wave propagation equations together
with the shell dynamic equations, it was possible to formulate the acoustic
spectra inside the shell cavity considering the shell modal data, the shell
structural damping as well as the air damping. Since the more delicate
components in a SATURN system are located inside the shell structure
which are subject to intense acoustic excitation during the launch phase,
the analytical approach holds promise to predict the detailed acoustic
distribution inside the structure as well as to define possible approaches of
reducing the undesirable acoustic excitation. It is recommended that

further investigation be carried out in the subject area.
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APPENDIX A

KEYPUNCH INPUT FORMAT AND LISTINGS
OF THE FINITE DIFFERENCE

COMPUTER PROGRAM




LISTINGS

The following listing contains the complete main program and its subroutines
with the exception of a subroutine named "MITER'*, The MITER subroutine is a
standard eigenvalue, eigenvector routine. Its physical package of the subroutine
follows CHN5. Input data are also included here. The technique for their arrange-
ments was explained in Section II previously.

Sample runs have been performed using 60 internal and boundary points for the
scale mode of the shell panel as shown in Figure 6, Section II. Figure 7 shows the
grid point arrangement. The computer output representing detail modal and frequency
data were submitted to NASA Marshall Space Flight Center. The data listings are too
voluminous to be included in the report. It is suggested that interested personnel
contact NASA Marshall Space Flight Center Propulsion and Vehicle Engineering
Laboratory for detail information on the program.

*The writeup and subroutine deck of "MITER" are available at IBM SHARE general
library.
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APPENDIX B

KEYPUNCH INPUT FORMAT AND LISTINGS OF THE SHELL
TRANSIENT RESPONSE COMPUTER PROGRAMS

This appendix includes the input formats, listings and sample run data of three
(3) related computer programs. The analyses of the programs are described in
Section III of the subject report. The detail data are arranged according to the following
order:

1. Natural Frequencies and Modes of Simply Supported Cylindrical Shell

This program provides circumferential harmonic numbers, n, axial half wave
numbers, k, and the corresponding natural frequencies and modes in either print or
punched cards. For the sample run, thirty lowest natural frequencies for the shell
are computed and printed out in sequence. These frequencies are in the range of
n=2~30andk=1, 3, 5 7, ... 15,

The program also provides the normalized displacement components, u, v, and

w for each of the natural modes and the corresponding natural frequencies. For the
sample run, values of u, v and w are printed out for 21 axial stations.

2. Transient Response for the General Stiffened Shell

This program provides the transient response solution for displacement compo-
‘nents, u, v, and w at a given location of the shell. Two sample runs are included
here.

a. Clyindrical Shell - From the data obtained by using the program, '"Natural
Frequencies and Modes of Simply Supported Cylindrical Shell,' 18 modes
for odd values of k are selected for input to this program. The print out is
shown for the response of the first mode, as well as the response for 12
modes and for 18 modes.

b. Instrument Unit Structure - Data obtained from the program "General
Stiffened Shell," NOR-66-201, May 1966 of this contract, are directly used
as input data to the present program. Final results shown in the output
data sheets are the modal summation based on nine natural modes, of the
nine modes, two modes are corresponding to n = 1; two modes, n = 2;
three modes, n = 4; and two modes, n = 6.




3. Natural Frequency and Modes of Mass Attached Cylindrical Shell

This program computes the natural frequencies and mode shapes of a mass
attached shell structure. Natural frequencies and mode shapes are computed by using
30, 40 and 50 modes of the unloaded shell. Frequencies and mode shapes that are
converged for the 50 mode case are shown here.



NATURAL FREQUENCIES AND MODES OF SIMPLY
SUPPORTED CYLINDRICAL SHELL
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SAMPLE RUN

TRANSIENT RESPONSE OF CYLINDRICAL SHELL
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FUR THE WAVE NUMBER

T

C.

C.10C000k-02
0.200000t-02
0.300000E-02
C.400000E-02
C.500000E-02
0.6C0000€-02
C.700000E-02
0.800000E-02
C.500000kt-02
0.100000E-01
C.110000E-01
0.120000&-01
0.120000€E-01
0.140000€-01
C.150000E-01
0.1€0C00E=-01
0.170000£-01
0.180000E-01
C.150000€~-01
C.200000E-01
0.2100C0E-01
0.220000t-01
C.2300C0E~-0O1
0.240000€~-01
C.250000€E-01
0.26CC0C0E=-0Q1
0.270000£-01
C.280000E-01
0.25C000E-01
0.300000E-01
C.310000E&~-01
0.320000E-01
0.320000E-01
0.340000E-01
0.350000€~01
0.360000€-01
0.370000t~01
0.380000E-01
€.350000&-01
C.400000E=-01
0.410000E~01
0.420000€E-01
0.430000E-01

6

AT LUCATIUN UF SEGMENT 11

U

=0.
0.125024E~13
0.103705E-12
0.195866E-12
0.240T42€E-12
0.202665€-12
0.745846E-13
-0.117080€E-12
-0.318993E-12
-0, 466860E-12
-0.505809€E-12
-0.408793E-12
-0.187212E-12
0.109720E-12
0.406991E-12
0.623907€E-12
0.656649E~-12
0.596847E~12
0.340841E-12
-0.1321163E-13
-0.379078E-12
-0.665308E~-12
-0.758026€E-12
-0.740688E-12
-0.503730E-12
-0.142282E-12
0.257480E-12
0.599734€E-12
0.802636E~12
0.818199€E~-12
0.643551E-12
0.320980E-12
~0.729416E-13
=0e44619GE-12
=0.713342E-12
-0.815282t=-12
-0.732242E-12
-0.487110&-12
-0.138792E-12
0.23242CE-12
0.538023E-12
0.725201E-12
0. 760966E-12
0. 636995E-12
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AND THETA

-0
0.932778E=-05
0.773718E-06
0.145131E-93
Ne179612F =013
0.151294+-03
05564501 =24

~0.3725130-04

-0.237994£-01%

~0.348315£-03

=0.377374F=-0N3

-0.304992€£-03

~0.139675F-N3
0.318599E=-04
0.302648F=-13
0e465484E-03
0.51975¢¢£-01
0.445206F-13
047256429 F=-013

~0.378582£-35
=0.2R2822t-03
=0.496272E-02

-0.565291€£-01

=0,55261c€-02

-0.375823F=-03

-0.106154£-93
0.192100€-02
0.447449F=-02
0.598R30€E-02
0.610441F-02
D.480140E£-03
0.239476F-03

~0.544202€-924

=04332900E-03
~0.532210F-07
=0,60826%E-212
=0.546311F-03
=0.363422E-07

-0.,103550£-03
0.173404r-02
0.401408E-03
0.541057t-03
0.567741E-07
0.475249€-03




RESPONSES SUMMED UP WITH THE PREVICUS MUDES
AT LUCATICN OF SEGMENT 11 AND THETA -0.

(VI -0. 0. ‘0'

0.100000E-02 0.125024E~-13 -0, 0.932778F=05
0.,200000E-02 0.103705E-12 -C. 0.773718F-D4
C.300000E-02 0.195866E~-12 -0. 0.146131F-03
0.400000E-02 0.240742E~12 =-0. 0.179612€-03
0.500000E~02 0.202665E~12 -C. 0.151204E-073
0.600000£-02 0.745846E-13 -C. 0.5564600=-04
0.700000E-02 -0.117080€-12 C. -0.R73513¢-04
C.800000E-02 -0.318993E-12 0. =0.,237994F =072
0.500000€=02 -0.466860E-12 C. =0 3683186-03
0.100000E-01 -0.505809E~12 0. =04377374C-07
0.110000€-01 -0.408793€E~12 0. -0.304992€E-03
0.120000E-01 ~0.187212E-12 0. -0.,139675F=-03
0.130000E-01 0.109720E-12 -0, 0.818359G6E-04
C.140000€-01 0.406991E-12 -C. 0.30364RF-017
0.150000E~01 0.623907E-12 -C. De4654R47-07
0.160000€-01 0.690649E~-12 ~0. 0.51975%F=02
0.170000€-01 0.596847E~12 -C. N.4452G6E-073
0.180000E-01 0.340841E~-12 =G, 0,754294F-02
0.1500C0€=-01 -0.131163E-13 C. -0.978583E-05
0.20C000E=-01 -0.379078E=-12 C. -0.282822¢-912
C.210000E-01 -0.665308E-12 C. =-0.496372€-03
0.220000€E-01 =0, 798026E-12 Ce -0.595361€-272
C.230000E-01 -0.740688E=-12 Q. ~0.552612E-03
C.240000€E-01 -0.503730€-12 C. =N .375R823k-03
0.250000E-01 ~0.142282€E-12 C. ~N0.106154F-03
C.2€0000€-01 0.257480E-12 -0. 0.192100€E-073
0.270000E-01 0.599734E~12 -GC. De447445E=-01
0.280000E-01 0.802636E-12 -0. N.598R820F=072
C.290000€-01 0.818199E-12 -C. 0.610441F-03
0.300000&~-01 0.643551E~12 -0. 0.480'40E=02
0.310000E-01 0.320980€E-12 ~0. 04723947¢E-N3
0.3200008-01 -0.729416€E-13 C. =0.54420%€-04
0.330000€E-01 -0.446195E~-12 C. =0.332700E-07
0+.340000E-01 -0.713342E-12 C. =0.532210E-03
0.350000E-01 -0.815282€-12 C. =0.50826FE~D7
0.360000€-01 -0.732242E-12 a. -0.545211E=-272
0.370000£-01 -0.487110E-12 c. ~0.363423£-07
0.380000E-01 -0,138792E~12 0. -0.103550E~03
0.3%00C0E=-01 0.232420€=-12 -0. 0.173404E-93
C.400000E-01 0.538023E-12 -C. 0.401408E-22
0.410000E-01 0.725201E~12 -0. 0.541057€E-07
0.420000E~01 0. 760966E~12 -C. 0.567741E-03
C.430000E-01 O.636995€E-12 -0, 0.475249E-02
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FOR THE WAVE NUMBER

T

0.

0.100000€E-02
0.200000E-02
0.300000t-02
0.400000E-02
0.500000&-02
0.600000t-02
0.700000E-02
0.800000€E-02
0.900000E-02
C.100000£-01
0.110000€e-01
0.120000£-01
0.120000t-01
0.140000&-01
0.150000€-01
C.160000€E-01
0.170000E-01
0.180000E-01
C.150000E-01
C.200000E-01
0.210000E~-01
0.220000€-01
0.230000E&-01
0.240000E=-01
0.250000E-01
0.2€0000£-01
0.270000E-01
0.280000€£-01
C.290000E£-01
C.300000€E-01
0.310000E-01
0.320000t-01
C.330000€E-01
0.340000E-01
0.350000&-01
C.360000€-01
0.370000E-01
C.380000E-01
0.350000t=-01
€.400000€-01
0.410000€E-01
0.420000£-01
C.430000E~01

7

AT LUCATION GF SEGMENT

U

11 AND THETA

O.
0.297936E-13
0.801194E~-13
-0.269433E-13
0.413366E~13
0.729738E~-13
-0.605312€~13
-0.214976E~13
0.299451€~-13
~0.7S1440€~13
~0,.313440E~13
0.5300642€E~13
-0.405794E~-13
-0.64609GE~14
0.8682G68E~13
-0.127101€~-13
-0.151030€E-13
0.685108E-13
-0.363166E~13
-0.554864E-13
0.470810E-13
=0.345415€E-13
-0.569044t~13
0.610355€E-13
=0.409109E~]14
-0.400094E-13
0.756957E-13
0.107741E-13
~0.,528339¢&-13
0.532703€-13
-0.464013€-15
=0.722789E~13
0.388660E-13
0.771530E-14
-0.680531E-13
0.442874E-13
0.321275E-13
-0.550558E-13
0.433968E-13
0.396456E~13
-0.771189E-13
0.150605E-13
0.611358E~-13
-0.721970€-13
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0.
0.4225680-05
0.113635€-04
~0.382142F-05
2.586285fF~N5
0.103500F-0¢
-0.85R525F=-065
-0.304905F=-05
N.42471RE=NF
~0.112251F=~0¢
=0.44455TF=-15
0.752619E-05
~0.575545+~05
=0.916274F=0¢
N.123182F-04
-0.1803270£-05
=0,214209F-05
0.971702F-95
-0.515085E~05
-0,785972F-N¢
N.66TTHART =98
-0.489908E-N5
-0.807086€-1F%
0.865679E-05
05802477 =-NA
=0.567461E-25
J.107361E-04
0.152811&-0%
=0,749352F=05
0.755542¢ -5
=0.65811G0:-07
-0,.,102515¢-04
0.551244F~-05%
0.10942RE=-D5
~0.965211F-05
0.492813¢F-05
0.455670F=-05
=0.7808b¢6E=-0°%
0.615505€E-05
0.562301E-05%
=0,109379F -04
3.213A06E-I5
V.857100E-0%
-0.102398F-04



0.

U.100000E=-02
C.2C00000E=-02
0.300000€E-02
C.400000E-02
U.500000E~-02
C.600000t-02
C.700000E-02
0.800000E-02
C.900000t=-02
C.100000€-01
C.110000E-01
0.120000€E-01
C.130000E-01
0.140000E-01
0.150000E-01
0.160000€-01
0.170000€e-01
0.180000E-01
C.150000t=-01
0.200000t=-01
0.210000E-01
0.220000€-01
0.230000E-01
C.240000E-01
0.250000€E~-01
0.260000E-01
0.270000E=-01
0.280000E~-01
C.250000E-01
U+300000E=-01
C.310000€-01
0.320000€=-01
C.330000E-01
0.340000E-01
0.350000€-C1
0.360000E-C1
0.370000€-01
G.380000€-01
C.350000E-01
0.400000E-01
0.410000E-01
0.420000€=-01
C.«30000E~01

RESPUNSES SUMMED UP WITH THE PREVIOUS MODES
AT LCCATION UF SEGMENT 11

0.
0.237T106E-12
0.135517€-11
0.137948E~-11
0.862897€-12
0.380282€-12
-0.322487E-12
-0.130185%5€-11
~0.220627E-11
-0.238690E-11
-0.145750E-11
-0.681997€-13
0.101823E~-11
0.176112€-11
0.209425€E~11
0.195912€~11
0.155218E~-11
0.659437€-12
-0.654193E~-12
-0.151686E-11
-0.185853E~-11
~0.223067€-11
-0.212898&-11
-0.111689E~-11
0.161600E=12
0.137791E~-11
0.248906E-11
0.288257E~11
0.221831€E-11
0.837802E~12
-0.685051€-12
-0.176393€-11
-0.233297E-11
-0.245724E-11
~0.161469E~11
~0.414237E~-13
0.997425E-12
0.133834E~-11
0.158366E-11
0e143434E-11
0.650088E-12
0.909030€E~-13
-0.136445E-12
-0.593298E-12
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AND THETA

-O.

0.
0.936246F-04
0.648561E-07
0.941250f -nN2
0.861419€£-03
0.455855¢-07
~0.232764E-03
-0.103806F=~02
=0.16552RF =02
=0.17555%E-02
-0.121734£-02
-0,280986E~03
0.680009E=-03
0.141761E-02
0.177933E-02
0.172735F=02
0.124832E-02
0.4hT264F-02
~0.4¢1652F=03
=0.122921€=-02
=0.16369%C=0?
-0.182R61E=-02
~0.153800€E-02

=0.779191E£-03

0.218802E-03
0.118348E=072
0.1870K1€-02
0.202060£-0?
0.154734E-02
0.631260£~03
-0.398635£-03
-0.121212F-0?
-0.1632476~-02
-0,160823F-02
=0.111434E-92
=0.343661E-07
0.337047€-92
0.733028F=03
0.104177€-02
0.1066R7F-02
0.308986t~072
0.473098E-013
0.128117€-03
=0.299708E-03
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FCR THE WAVE NUMBER 8
T

AT LOCATIUN OF SEGMENT
0.
C.100000E-02
C.200000E-02
0.3C0000E~-C2
3.400000E~02
Ce50C000E-02
0.600000E-02
Ce7C0000E-02
0.800000€-02
0.500000E-02
0.100000E-01
0.110000E-01
C.120000E-01
C.1300C0E-01
U.140000€E-01
Ce150000E-01
0.160000t=-01
0.170000E=-01
0.1800C0E-01
0.150000£-01
C.200000€-01
Ue2100CO0F-01
0.220000t-01
C.22C000t-01
0.240000E~-01
025000001
0.260000£-01
C.270000E-01
0.2800C0E-01
0.2S50000E-01
J.200000E-C1
0e310000t=-C1
C.320000E-01
C.3320000€E-01
C.34C000t-C1
C.350000€E-01
J.3¢0000E-01
0.370000E-01
UJ.380000€E-C1
0.390000€E~01
Ce«00000E-01
Ce410000E-~01
Ce420000E-01
Ce430000E-01

U

11 AND THETA
-0.
=0,716653E~14
~0.670891E-14
=0.181757E-14
=0.224992€-13
0.103817€-13
=-0.194331E-13
0.166441E-13
-0.291802€-14
0.949797E-14
0.118258€-13
-0.€35653E-14
0.152706E-13
-0.185979E~13
0.956942E-14
=0.175442E-13
0.1519%0€~14
~0.337987E~-14
~0.536966E-14
0.138148E-13
-0.104376E-13
0.211602€-13
~0.116306E-13
0.129564E-13
~0.611737e~14
=0.435648E-14
U.48l03%E~14
~0.174824E-13
0.142469€-13
~0.174433€E~13
0.147689€~13
-0.606506E~14
0.497249E-14
0.747332E~14
-0.892660E-14
0.148167E~13
~0.174146E-13
0.131591E-13
-0.142875€E~-13
0.486927E~14
0.198402E-14
~0.443072E-14
0.691151E-14
-0.794023E-14

- B-35

"O-
-0.109097¢-05
-0.102131€-05
=-0.276692E-06
-0.342510F-05
0.158042E-05
-0.295834F-05
0.253376E~05
“Ne444216L-06
0014453@&‘05
0.180N27E-05
~0.967668E~06
0.23246RE-05
~-0.283119F-05
0.145677F~05
-0.267079E-05
0.2313770-06
-0.514525t-046
=0.817424E-0¢
0.210306E-05%
~0.158893F-05
0.322126E-95
~0.177054F =05
0.,197237e-05
~0.931259E-06
-0.663195E-06
0.732295E-06
-0.266138F-05
0.216883E-05
-0.265544F-05
C.224829E-05
-0.92329¢6E-05
0.756972E-06
0.,113768€£-05
-0.135891E-05
0.225557€-05
-0.265106F-05
0.,700324£-05
-0.21759%2E-05
0.741259€E-06
0.302031E-06
~0.674498E-06
0.105215E-05
-0.120876F£~-05



0.
0.100000€&-02
0.200000E~02
0.300000€E-02
Ce400000E~02
C.500000E~02
C.6C0000E-02
0.7000008-02
0.800000E-02
0.900000€E-02
0.100000E-01
0.110000€-01
0.120000E-01
0.130000&8-01
0.140000€e-01
0.150000E-01
0.160000E~01
0.170000€-01
0.180000E-0Q1
0.150000€~01
0.200000€E-01
0.210000€-01
U.220000€£-01
0.230000€-01
0.240000E=-01
0.250000E-01
C.2600C0E-01
0.270000E-01
C.230000E-01
0.250000€E-01
0.300000E-01
0.310000E-01
0.320000€-01
C.330000E-01
C«340000E-01
0.350000€E~-01
0.360000E-01
0.370000E-01
«280000E-01
C.350000E-01
C.400000£-01
0.410000E-01
0.420000&-01
C.420000E-01

RESPUNSES SUMMED UP WITH THE PREVIOUS MODES
AT LUCATIUN OF SEGMENT 11 AND THETA

-0
0265296E~-12
0.139653E~11
0.136591€E-11
0.959723E~-12
Ue354656E-12

~0.290475€~-12

-0.130792€E-11

-0.226630E~11

~0.,235576E-11

-0.155016E~11

-0.321309€-13
0.994186E~12
0.175917€E~11
0.215848E-11
0.193019E-11
0.160804E-11
0.661157€~12

-0.676882E-12

~0.148538E~11

-0.192863E-11

-0.220659E~-11

-0.215538€E~-11

-0.114785E-11
0.226316€~12
0.130559€E~-11
0.258800E~11
0.283310E-11
0.225690€-11
0.843425€-12

-0.714869E-12

-0.174242E-11

-0.236335E~-11

=0.247826E-11

-0.157436€~-11

=0.115915€-12
0.108740E-11
0.127115€-11
0.164208E-11
0.142499E-11
0.627075€E-12
0.,114650€E~-12

-0.149737E-12

-0.599976E-12

B-36

-0,

-0,
0.977082€-04
0.654515t-03
0,939422E-923
0.8753601 -03
Ne452132C-013

=0.227206F =912

=0.102972F=-02
=0.166290F=02
=0e179228£-02

-0.122961E-02

=0.27£787E-013
N.677177F-07
0.141705F=02
0.1749841F~02
0¢170336E=-02
0.125693E-02
0.467344E-03

=Nebhb326F=-N2
=0.1225k4£-02

-0.169588L-02

-0.182640t-02

=0.1540RE~D2

=0.734294F~-01
N.228203E-03
0.1173520-92
N.18840BE=92
0e201447E-02
D.155201€E-92
D4432784F-0N3

-0 .40338RF-02

~0e1208R4F=-02

-0.143762¢-02

-U.1611208-02

-0.110875E-02

-0.35401%E-02
0.349484E-03
0.773893F-N3
0.104982E~-02
0.106562€~02
0.805935E-02
0.475950£-03
0.1269410-23

=J.301424F-03




)

SAMPLE RUN FOR INSTRUMENT UNIT STRUCTURE
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FOR THE WAVE NUMBER

T

0.

0.100000£E-02
0.200000E-02
0.200000&e-02
0.400000t-02
C.5C0000E~-02
C.€00000E~-02
0. 700000F=-C2
0.,800000E=-02
C.S00000E~02
C.100000&E=-01
C.1100C0E-C1
0.120000E-01
0.120000E-01
0.140000E-01
0.150000E-01
0.1600C0E-01
0.170000&-01
0.180000E-01
C.160000E-01
€.2000600E-01
0.210000E-01
0.220000E-C1
0.2300C0E=-01
0.240000E-01
C.250000E-01
U.2¢00C0E-01
0.270000E-C1
0.280000E-01
Ce280000E-01
C.3000G0E-Cl
0.210000E~C1
0.320000t-01
0.330000&=-01
0.340000t-01
C.350000€E~C1
0.3260000£-C1
Ue370000E-0C)
C.380000£-01
C.350000E-C1
C.400000£-01
0.410000E-01
0+420000E-01
0.420000E-01

4

AT LCCATION OF SEGMENT

u

12 AND THETA
04
-0.238112E-C7
-0.153475E-Co
~0.350350E=C6
-0.395473E-C6
-0.266770E-Cb
0.267257€=C7
0.40099CE=06
0.723157E-Co
0,85897CE=C6
0.724684E-Cé
0.324334E-C¢
=04 242152E=C6
-0.804727E=06
-0.117588E-C5
-0.121346E-05
-0.872552E-Cé
-0.226312E-C6
0.539841E-0¢
0.119935€=C5
0.153611E~05
0.142413E-05
0.870697E=06
0.21274CE=C7
-0.879093E=Cé6
-0.155752E=C5
-0.179682E=C5
-0.150507€-05
-0, 748956E-06
0. 2605 7SE=C6
0.122809E-05
0.186062E-05
0.195716E-05
0+147240E-05
0.534963E-06
~0.58€6851E-Cé
-0.156241E-05
-0.209687€-C5
-0.202064E-C5
-0.134310E-C5
-0.242611E-06
0.938448E-06
0.184289E-05
0.220815E=C5

B-41

=N
0.621N56E-05
0.504640F-04
0.913797F=04
0.103149E-03
0.695801E-04
=0.697070E=-0°
-0.104588E-013
-0.1RB617E-03
-0.224040E-02
-0,.,189015F=-03
-N.345941E-04
0.631591E-04
0.209R8492E-03
0.20£690F =07
0.316499€E-03
D.227583E-07
N+5954G4F =306
-0.,140804E-03
-0.312820E-07
-0 .400654F-C3
-0.371448E-03
-0,227089E-07
-0.554876E-05
04229239F-072
0440623Q9E=-N7
0.46RAR3E-01
0.392500E-07
0,195356E-03
-0.479654E-04
-0,320316€£=-02
—0+485296E-D2
~0.510474F=-02
-0.384039F-922
-0.136531E-03
0.153065E-07
0.407515E=-01
0+546013E-02
0.527032€-03
0.350314E£-02
0.63278G€E-04
~0.244770E-07
-0.,480670€E-013
=0.575938E=-02




RESPCNSES SUMMED UP WITH THE PREVICUS MODES

B-42

AT LOCATIUN OF SEGMENT 12 AND THETA -0.

o. 0. ‘0- -0,

0.100000E-02 =0.238113€E=-C7 0. 0.621056F=-05
0.200000E-02 -0.,19347SE-C6 c. 0.504€40t =06
0.300000&E-02 -0.350350E~-06 c. 0.913797F=04
C.400000t-02 -0.395472E-C¢ C. 0.103149E-073
0.500000E~02 -0.266T70E-CS 0. Ne635901E =06
C+¢00000E-02 0.267257€E~C7 -0. =0.A97TDT0E-0%
0.,700000&-02 0.400990E~Co -C. -0.10453R£=-03
C.800000E-02 0.,723157€E-06 -0, -0.188617F=-07
C.9C0000E-0C2 0.858970E-C¢ -C. -0.224340E-072
0.100000E~01 0. 724684E-06 -0. -0,.,189015€-03
0.110000E~01 0.324334E-06 -0. -0.34591F-04
0.120000E-01 =0.242152E-Cé 0. " 0.631591F=-N¢
C.130000E-01 ~0.804727€=-06 C. 0.209A62F=03
0.140000E=-01- ~0,117588E-05 C. 0.306AG89F=-N1
0.150000E~01 ~0.121346€E-05 O. 0.316499F=-93
0.160000E~01 -0.872552€E=-Cé6 C. Ne2275R23€~-D3
0.170000&-01 -0.228312E~-C6 0. 0+4595494E =04
C.180000E-01 0.539841E-06 -C. -0.14089%4F-02
0.1600C0E-01 0.119935E~05% -C. -0.312820€-07
0.200000€E-01 0.153611E-05 -0. -0.4006540-13
0.210000E-01 0.142413E-05 -0. -0.37]1448F=02
0.220000€E-01 0.870697E~-06 =-0. =N.2270ccE=-032
C.230000€-01 0.212740E-07 -C. -0.354876E=-05
0.240000E~01 -0.879093E~06 C. 0.229286f-072
0.250000E-01 -0.155752€~-05 O. 0.,40623GE-013
0.260000€E-01 -0.175682E-C5 0. 0.468A52E-93
0.270000E-01 -0.150507€-05 0. 0.,3925560F-03
C.280000E-01 -0.74899¢E-06 Ce 0.195356F-07
0.250000E-01 0.260579E-06 ~C. -0.hTI4554F =04
C.200000E-01 0.122809E-C5 =0. -04320316F=-03
0.310000E-01 0.186062E-05 -0. -0.485296F=-02
0.320000€-01 0,195716E-05 -0. —0.510474C-93
0.330000t-01 0.147240E-05 -C. -0.38403GE-03
0.340000E-C1 0.534962E-06 -C. -0.139531E-03
0.350000E-01 -0.586851E-06 0. 0.153065E-03
0.360000F-01 -0.156241E-05 O. 0,407515F-03
0.370000E-01 -0.209687E~-C5 0. 0.546913F=-072
0.390000E-C1 -0.,134310E-05 C. 0.350314E-072
0.400000E-01 -0.242611E-06 O. 0.532788F-04
0.410000E-01 0, 538448E-C6 -0. -0.244770E-03
0.420000E~-01 0.184289E-05 =0. -0.480670F =02
C.430000&-01 0.,220815€-C5 -0. -0.575938E-193
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3918819°0
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3866289°0
3SESYE9° 0
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FOR THE WAVE NUMBER

T

O.

0.100000F=02
C.200000E-02
C.300000E-02
C.400000€-02
0.500000&-02
0.600000E=-02
C. 7000G0E-02
C.800000E~-02
C.$00000E~02
0.100000£-01
0.110000t=-0C1
0.126000F-01
C.120000E~-01
C.140000E-01
0.150000E-01
0.1¢0000E=-01
0.170000t-01
C.160000&-C1
0.150000E=-01
0.200000E-01
0.210000E-01
U.220000E-01
C.230000E-01
0.240000E-0Q1
0.250000E-01
0.2¢0000t-01
Ce270000E-01
C.28C000E-01
C.2590000E=-Q1
0.300000E-C1
0.310000E-01
0.320000€-01
0.330000€E-0C1
C.240000E-C1
C.250000£~C1
0.360000E-01
0.27C000E-01
0.280000E-C1
U.39C0C0E-01
C.400000E-01
0.410000E-01
C.420000E-01
C.420000E-01

2

AT LCCATIGN CF SEGMENT

u

12 AND THETA

=0
-0,18324GE-C6
-0.156563E-05
-0.316519€E~05
-0.442197€E-05
-0.,484692€E-05
-0.418453E~CS5
-0.248088E-C5
~0.545066E-07
0.254975E-C5
0.480303E-05
0.623920€E-C5
0.6€1542E-C5
0.594867€E-05
0.448960E-05
0.263607E-05
0.814796E-06
~0.633362E-C6
-0.153239E-05
~0.189496E-05
-0.188893E-05
~0.176126E-05
-0.174561E-0C5
-0.198253E-05
~0.247561E-05
-0.309436E-05
-0.3€19G7E-C5
-0.381740E-C5
-0.351089E-C5
-0.264007€E-05
-0.128138E-05
0.369400E-C6
0.204640E-C5
0.347898E-05
0.445420E-05
0.486004E-05
0. 469958E-05
0.407547E-05
0,315200€E-05
0.,211782€E-05
0.117998E-C5
0.2414G1€E-00
-0, 721480€-C6
-0.162457€-05

B-45

O.
0.202469F-0¢
0.172984E-05
0.349716E-05
0.,4A8575F-05
0.535528E=-05
0.402341E-95
0s274108FE=-9%
0.712722¢-07
-0,281717¢-05
~0.5306,79E~0%
~0.68335RF~=5
=0.730926F=0¢F
-0 «65725RF=N%
-0.49404RE=-05
~0.291255€E-05
=0.200254F=0¢
0.69G7S1E-06
N.16G311F =08
N.20G8371F=-058
0.,208704F-0F
0.19459G6E-05
0.192870E-95
0.219046E=N5
0.272525F=9F
De3418<1£-0%
0.39G6964E-0%
0.421778E-35
0.387912F~0%
N0.23169AF=-95
N.141877€-05
=0.408144F=N6
-0.22610%F=-95
-0438438€E-05
-0.492137E-05
=0.536°77E-75
-N0.519248E-95
=0.450291F=-03%
=0.348259F-05
~0,233934E-05
-N.130374E-05
-J¢2665819F=-26
0.797157E =06
0.179436£-0%




0.

C.100000E-02
0.200000E-02
0.300000E-02
0.400000E=02
0.5000C0E-02
C.600000E-02
0.700000E-02
0.800000E=-02
C.900000E-02
C.100000E-01
0.110000&-01
0.120000E-Cl
0.130000E-01
0.140000E-01
0.1%0000&~01
C.160000E-Q1
0.170000E-01
0.180000E-01
C.190000E-01
0.200000E-01
0.2100C0E-01
Je2200C0E-C]
0.220000€-01
0.240000E-01
0.250000E-01
C.2€60000E~01
Ce270000E~01
0.280000E-01
0.2%90000E-01
0.300000E-C1
0.310000E-01
0.220000E-Cl
0+230000E-C1
0.340000E-01
0.350000E-01
C.360000E-01
0.270000€E-C1
0.380000E-C1
0.250000k-01
C.4C0000E-01
C.410000E-01
0.420000E-01
0.430000E-01

RESPCNSES SUMMED UP WITH THE PREVIOUS MODES

AT LOCATION UF SEGMENT 12 AND THETA

-0,
-0.415181€E-05
=0,322999E-04
~0.317425€-04
-0.298135E-05
0.18778CE~C4
0.963398E-C5
-0.120270E-04
-0.135489E-04
0.100376E-04
0.320723E-Ca
0.282R22E-04
0.663380E-05
~0.492269E-05
0.64069%E-05
0.23039GE-C4
0.,217552E-04
0.457778€E-05
=0.742641E-05
-0.125831€-05
0.131694E-C4
0.153612E-04
0.103850E-05
~0.134434E-04
~0s 129886E~04
-0.199843E-05
0.,28147%E-C5
-0.504779E-05
-0.154600E-0C4
-0.155218E-04
-0.497434E~-Q5
0.303650E-05
-0.849160E-006
-0, 103444E-04
-0+.13102GE-C4
-0,679363E~-C5
-0.584448E-06
-0.267319€-05
-0.111832€E-04
-0.600869E-05
-0, 614722€E-C5
-0.595933E-05
-0.630696E-05
-0.692474E-05

B-46

0.
0.611102F-04
0.454978E-N1
Ne548518F=-013
Ne311864E-02
N.421008E=-0¢
=0,426455F=04
~0,194055F-04
-0,149841F=-03
-0,427T159E-03
-0 ,528054F =02
=0.262617F-03
0.209G633F=-93
0.522590€E=-97
0.468305E=-07
04199137E-023%
-0.59720GF=-04
=0e227191E-02
-0.,38539GF=-N3
-0.604851E-03
-0 e725534E-92
-0.545714E-073
-N0.11970RE-D3
0.290480F~-07
Q0. 4RNDN6BGE-D3
0.40798E-912
0e62273KA2E=03
0+992251F=04
~0e.35R34'F =04
-0.239882F=03
-0 416721 F=-07
~0.449529F-93
-0.230858C~-N"
0.7606R0E-05
0.227525€E=-01
0.312369€-03
0.340206E-03
0.384811F=-03
0.4326R3F~07
0.283047E-02
0.14760)E~-07
0.184913E-04
~0.936695E-04
-0.,175731€-03



NATURAL FREQUENCY AND MODES OF MASS ATTACHED CYLINDRICAL SHELL
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PEFLECTIONS NF CYLINDRIGCAL SHFLL WITH MASS ATTACHED

*%x INPUT NATA =%

A
04 19500F 02

INPUT N, K,
' 6
Q

12

1o

13

]l’-

17

17

I3

10

1R

19

[

MNP NN N D N N e

LFENGTH
0.53400€ 02

OMFGA
0.46158E 03
0,66553F 03
0.11487€ 04
0,13950F 04
C.15762F 04
0,193397F 04
N.27958F 04
N.24127F 04
C.25584F 04
0.27391F N4
C.?9768F 0&
N.32320F 04
N.32993F N4

€% FIGENVMATRIX %

ROW NO, 1
NJ111P2F 0
1.,11877F o¢

-N.11877F CO
N.11877F 00
-7.,11877F £
T.112768F 00
-0.11877F nO

RAW NG, 2
A B I LY S
Ny 11384F 00O

=0.,113%3F Or
“.11354€ e
-7.113852F nr
N.11383F ne
-7,11282F NQ

2w MO, 3
N,RP7TR5F=N1
N.R2TSESF=0]

=N, R2T7REC~0
NePITERF=N)
=N R27F8F-N]
N.?2754F~-0]
=N A2TSSF-01

oW N, 4
N, P4ak3IRF=N]
Ve R4KIRF =N

=Y. R46246F=-01
N.R4kH2RF=01]
_’).K",!,?QE-.’"]
NeFan2LE-N]
-0.R4KUF-N]

ROW NO. S

.58059F-n1
0.58N52E-01
-0,58089€-01
0.5R)89F~01
-0.58N80E~-N]
N.589)5GF=N]
=N,58050F-0N]

0.11877¢F 00
7. 11877F 0
-0.11877€ 03
N.11876F 0N
0.11874F 0N
0.11R7hAF €0
~0.11876% 0N

N.10621F 01
0.11354F 00
-N.11353E 00
2.11353F 00
N.11353F 00
0.11353F 09
-".11353F ¢0

9.82755F-01
0.,82755F-0N1
-0,82755F-01
N,R2754F-01
0.82754F=-01
M. 872754E-01
~N.82753E=-01

N.R4635F-01
0.84635F-01
-0.84634F-01
N.R4634F-01
N.84634F-01
0eB4634E-01
=N.84633E-01

0.5R059€-01
0.5R059€E-01
~0.5R8059F-01
0.58059€~01
0.58059€-01
0.58059F-01
~0.58058€-01

N XS~

——
- > o

1%
16
17

la
17

H
0.5N000F=-01

0.47393F
0.78783F
0.13065F
N4 14536F
0. 17036F
0.20347F
N.?2305RF
0.26199¢
0.25A3RF
0.27521€
0.30864F
Ne32628F
0.33616F

NNAADNA AT N

0.11877¢ M1
0.11377F 0)
-0.118777 09
0.11R767 0N
0.11877F 09
0.11877F 00

0.11354F €0
0.113547 02
-0.11253F 00
r.111353F C0
0.11354F N9
N.11354F 09

0,749866KE NN
N,B82755F-01
-0.82755F-01
0,R?T54F-01
0. R2TSKF=-N1
0.,R2755F-01

.0.B4635F-N1
0,84635F~01
-NeR4KI4F=-0]
0.04634F=01
0.84635F=01
C.B84635F-N1

0,5RNS9F-N1
N.58959F-01
-0.58059F-01
0.58059F~01
0.58059F=-01
0.58259F=-01
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RHO
0.25910E-03

03 5 1
03 10 1
04 13 1
04 9 3
04 14 3
04 7 3
04 14 5
04 11 5
04 18 1
04 19 1
04 20 1
04 16 7
04

N, 118778 00
-0,11877€ 00
0.11877¢ 0N
0.11876F 00
-N.11877F 00
-0.11876F 00

Ne11354F 00
-0.11353¢ 00
0.11354¢€ 20
0.11353F 01
-0,11353F 00
-N,11353F 00

0.82755E-01
~-0.82755€E-01
0.827556-01
N, R82754€-01
-0,R2755E-01
-0.82753E-01

0.78922E 00
-0.84634E-01
N.84635€-01
0.R4634F-01
-0,84634E-01
-N,84633E-01

0.58059€-01
-0.58359E-01
0.58059F-01
0.58059€-01
-0,58059€-01
-n.58058E-01

XL
N.13700F 01

0.54938F 03
0.80688€ 03
N0.13456F 04
0.14942F 04
0.17414F 04
0.20463F 04
0.23301F 04
0,24999F 04
0.75734F 04
N.2R668F 04
0.31762F 04
0.32646F 04

0.11877F 00O
-N.11R7T7F N0
-7.11877F 00
-0.11877¢ 00

0.11876F N0

0.11876F 0O

N.11354F 00
-0.113583F O
-0.1135%3F N0
-0.11353F 00

0,11353F 00

1.11253F N0

N,A2785F-01
-0.872755F=01
-N,32755E-N1
~-0.82755F-01

N.22754F-01

NeR2754F-01

0.34535F-01
-N.84K34F-N]
-0.94634F-01
-0.R84634F-01
0,84634F-01
0.84634F-01

0.53908F N0
-0.580%9€¢-01
-0,58059F-01
-0.58059F-01
0.5R059€-01
0.58059F=-nt

THL

11
11
14
16
16
12

18
19
15
20

I AR Ul ol

N,11877F 0N
=-N.11P77F N9
N 11877F 90
N.11876F 09
Ne112876F N
=N, 11RT7KF 00

N.11354F 01
-1,11353F "9
N.11254F N9
N,11253F nn
N.11353€ NN
-7.11283F 09

N.APTRSE-N1
-0.82755F-"1
NeR?27556-91
0.82754F=01
NeA?TH4E=N1
~0.827526-01

N.RAKISF=0]
-N.846%4F5=-01
DeRMAIGF=01
N,84K36F=N]
N,84636F-N1
-N,R46IIF=N]

n,58050F~N1
-0.59059F=-01
N.58059F-01
0.52059F=-0n1
0.5R059F=-0)
~0,59058¢-01

MASS
N.25900F~N2

NeK5N29F 013
0.96075F 03
Ne13975F N4
N.15690F N4
N1 TARKF N4
N, 216468F NG
N.235R8F 04
N,?5316F N4
N, 2AN9F 04
N, ?29ATIF 04
N.32290F 04
N.32727F na

N.I1RTIF 93¢
-n,11877F Ao
-N,11877F 00

NL11RTRFE O

9.118775 nO
-n.11876F 0N

Y. 112867 00
-7.11353 0n
-n,11352F on

~.11283F OF

1. 11356F 00
-n, 11383 0N

n,2%7568F =11
-n,827556-01
-0,R2785F-0}
N, RI7T54F=N1
7.22755F =0

-N.22783E=-0]

N, P4AK3RF-N]
-0,94034F =1
~0.84624F=01
A, UMK 24E )
N, 84636F-01
-0, 04633F-0)

N, RANSGE-N]
-0.5an59F-N]
-0, RR059F=0]

0.53N59F-0)

n.53069F -N1
~0,52NKAF=A1

NMNNE
50

n.11877E 00
nL11377F
—AL 11377E 00
A 11377F NN
-r.11277F 00
-0.11877F 01

Ne113564F AN
n.11354€ 06
-n.11353F nn
rPL11354F 0N
-0.11153F 0N
-N.11353F N

n,82755F-01
N,A2758¢r M
N R2755F =1
NG R2T{HF=-N]
~N.]2756F-N]
=N R2T565F-N1

NeR6KIGF 1
" R%535F-0.
-0,865365£-0)
N.R645155-0]
=N, 76534F-N]
-0, R6R347~01

N,58N50F -1
0,5RN59F N
=N ,RPAN5QF-N]
0,58159F-N1
-0.5RNGAF-N}
R L R L1 |



ROW NC, 6

N,392R8F.01
Ne39288F_0]
=M 292pRF-Q
N.19988F-01
-N,2QIREF-0]
NL.392R8F-n]
-0.307288¢-01

ROW NR, 7

D6 30RQALF=N]
N.2198064F =01
-N,29504F-0]
N,13504F-01
=Y.295047-0
V.39504F-n}
=-N,20804F~n}

RNAW N{*, R

N,27517F=-01
Ne?27517F-01
=V, 2781TE-01
V275177 -01
=1.27517F-01
N.27517F~01
=N.275178-01

20w N, Q

V.195077-0]
T.12106F 0N
=l 12I527F-M
Ve 19507E=-0]
-1.19507F=n]
7.17897F=01
~N.196C7F-0)

RAW N0, 10

V411578 F~01
Nel13672E-0)
=7.13578F-01
7,13579e-0)
-",13572F-ny
Y.13572F-01
=Y. 13878F-0]

°0Ww NC, n

Nel42C6F-01
Ne1%296F=N]
-n.14200F2n}
Nel4204KF=N1
-0.147%06F-01
T l14206F-n)
-N.14206€-n]

PIOW N, 12

-" o '\/,’\[,‘:—(}‘
Y4 13404F -0
Del36404F-01
-N.13406F-01
7. 13404F-0]
=N, 13406F=N]
Ny 124NLF=M)

RAW MO, 13

=7.17234F-9)
~N 112 26F -]
WS REETI NS
~N.1322680)
7.13236F=01
=N 13234F-0]
N.13234F-01

0,.39285F~01
0.39285€-01
-0.392R5F-01
0.39285F-01
0.39235F-01
0.39235F-01
-0.3972435F-01

N,3I0K894F~-N1}
N.319534F-01
-0.39594F=-n1
0+39594F=-01
0.39534F£-01
N.39594F=-01
-N.39593F-01

0.27517€-01
0.27517€-01
=0.27517F-01
0.27517F-01
0.27517€-01
0.,27517F-01
~0.,27516E=01

0.19537F-01
0.19597€-01
-0, 19597F-01
0.19597F-01
0.19897F-01
N¢19597F=01
-0.19597€-01

N.13578F=-01
J.13R39F 90
-7.12578F-01
N.13578E~-01
Ne12578F=-01
0.13578F=01
-0.13578e-01

Ne1423KF=01
0.14294F=-01
-N.14236€-01
Nel14296F=01
T.16296F-01
Ne14296F-01
=0.14236F~01

~0.12404£-91
-0.1349%4F=-01

Ne1349%4F-01
=0.13494F-0]
-0.12494F-01
~N.13434F-01

Ns12404F-01

-2.13236F-01
-0.123236F=01

N.13236F~01
~0.13236F=-01
~0.132346FE=-01
-0.13236F=-01

0.13236F~01

0.39285F-01
0.39285F-01
=0.392R5F-01
0.392RSF=-01
0.39285F-0}
0.39285F-01

0.395%F-n1
0439594F=-01
-0+39594E-01
0,39594F-N})
0.39594F-01
0.3959F-01

0.27517F-0(
0.27517€-01
-0.275176-01
N.27517F=-0N1
0.27517¢-01
0.27517€-01

0.19697F=-n1
0,19597F-01
-0419597F-N1
0.19507¢F-01
0.19597F=-n1
0.19597F-01

0,13578F-01
0.13574F-n1
~0.13578F-01
0.13878F=-01
0.13573F-01
0.13578F-01

N.14296F=01
0.13196F 00
-0.14296F-0]
0.14294F-01
N.14294F=n1
0.14296F-01

-N.13404F-01
“0.13404F=-01

N.13404F-01
=-0,13404F=-01
-0.13404F=-01
-N,13404F-01

=N,13236F-01
-0.13236F=-01

0.13236F-01
=0.13236F~01
~0.13734F=-01
~0.13236F=-01
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0.,39285€-01
-0.39285F-01
0.39285F~-01
0.,39285F-01
-0.39285€-01
-0.39285F-01

0.39594F-01
=0.39594E-01
0.39594F-01
N.39594E-01
=0.39594£-01
-0.39593E-01

0.27517¢-01
=-0,27517F-01
0.27517¢-01
0.,27517€-01
-0.27517€-01
~0.27516F-01

0.19597€-01
~0.19597F-01
0,19597F-01
0.19597F-01
-0,19597F-01
~0.19597F-01

N.13578E-01
-MN.13578£-01
N.13578E-01
0.13578F-01
=-0.13578€-01
-0.13578F-01

0,14796F-01
~0.147296E-01
0.14?96€-01
0.14296F-01
=0.14296E-01
-0.14296E-01

-N.134045-01
0.12407€ 00
-N.13404€-01
=0.13404E~01
0.13604F-01
Ne13404F-01

~0.137236E-01
0.13236F=-01
-0.13236F-01
~0.13236F-01
0.13236€E-01
0.13236F-01

0.39285F-01
-0.39285F-01
=-N,39285F-0]
=0.392A85E~-01
0.39285F-01
0,39285F-01

0.39594F-01
-0.39594£-01
~0.39594F=n1
-N.39594F-01
7.30594F-0)
0.39594F-01

0.?27517F-01
=-0.27517F~-01
-N.?27517F=-01
=N,27517F=-01
N.?27517F=-01
0.27517€-01

0.19597F-01
=N.19597¢-01
-0.19597F-01
“0.19527F-N1
0.19597F-01
0.19597E£-01

N.13578F=-01
~0.13573F-01
-N.13578E-01
-N,13578F-01

0.13578F~"1

0,13578F-01

N.14296F-N1
-0.14296E-01
-0.14296F-01
=0.,14295F-01

N.14296F-01

0.14296F-N1

-N,13404F-01
0,13404F~01
0.13404F-N1
N.13404F-01

=0.13404F-01

=N« 13404F-01

=N.131234F=N1
0.12273€ 00O
D.13236F-0)
N.13236F-01
=0.13236F-01
-0.132356F-01

N.39255€ 00
=0.39785E-01
0,39285F~01
0.397285F-N1
0,39235F-01
=N.39285F-01

N.39594F =01
-0,.3959%4f=-n}
N.39594F=-01
0.39594F -0
0,39594F~01
~N.39893£-01

0.27517¢-01
=0.?27517F-01
N.27517F-01
N.27517F-01
N0.27517F=-01
=0.27516€-01

N.,13597F=01
=N,19627F~N1
0.19597F=-01
N,17597F=n1
N, 19597F=N1
~0.19597€-01

Ne1357RF=-N1
-N.13572F-01
0.13578€-n1
N.13578F=-Ny
N.13578%-n1
-N.13578F-n)

Ne14294F-01
-0.14296F-01
0.14296F=01
0.14296F-01
Ne14296F=01
-0.14296F=01

-0.136745-0]
N. 13404501
~N.134%4F-01
-0.134045-01
-0, 134N4F =01
0.13494F=-01

-N,137214F=-01
Ne 13234F-M
=N,1323KF-01
-Ne13236F=01
-0.13236F=-0N1
0.13236F-N

0.392R5F-01
-0.39285F-01
-0,39285F-01
0.392°5F=~n1
0.392RSF =]
-N, 92 AGF-N]

e THh6RGE NN
-0 439594F -0
-0.19594F -0}

fe39594F =N

N, 10504F - N)
-0.37893r .01

N.?27517F=01
=0.27517F=-N1
=0.27817F =01

D.27517F-M

N.27817F=~01
-N0.27516F-01

n.1n507F-01
=2.178978 -0
-0.,19597F-n)
0.10968Q7F =N
7.19597F-01
~%.178076-n1

0.13878F -
-2.13878F =0}
-N.13578€-n]
"L 12878F =N
Nel13878F -1
-0.12874F=-0]

N.147968-0]
-9.14%947-n]
-N.14296F-01

0.14296F-01

N, 14296F=N1
- 142GAF=0]

-0.12%068 201
A I PA PPN |
N413404F-N)

~0.13406F-01

=74 1%604F =n)
0.134N4F=-n)

=2.132%F-01
De12322F-01
Na13236F=-N1
-0.13234F-0]
=0.13234F =]
De132%4F-M

N.39248F-n}
N.39795F~n]
-0, 30286F-0)
Ne39286F N
-N.219285F-N]
-r,39286F-n}

Ne39594% =N}
N, 30694F=-N}
-N,39594F =N
N.37594€-01
-7.39574F-n]
-N,29594F -1

N, 25454€ 0N
Ne?7517F-01
“N,27517F=-M)
Ne?27517¢-01
=Ne27517F-"M
=Ne?7517F-01

N, 10597F-01
N,196897F-n1
-N,19897F-0N1
N,196597¢-Nt
-N.19597F -9}
=Ne196597F~-01

Ne11578F =N
Ne125TRE=-N
-N.1257026=01
N, 138 78F~01
~N,13578F~N|
=N.1257RF-N1

e 14235F-01
fe14274K€-0)
=0.146294F=-n)
N414294F=0)
=N 16276F =91
~0.16729RF~N1

-N,12404€-01
1,124 %F-n)
fe 12406 F-n)
=" 1247F=-01\
0.136N4F=N1
Ne134N4F-01

=N13238F-0N1
=N41323KF-01
Nel13236F-01
=Ne12238F=-01
fe13236F-01
Na13238F-n)




ROW NO. 14
=1.12231F=-01
=N.12231E-01

0.17231F~01
=N.12231F-01
1.12231F=-n\
~0.12221F-01
Ne1221)1F~01

ROW NO, 1R

=Y.116506F=-01
=N ,1150kF=-n}
Nel11504F=0}
-0 11R0KF=01
N.11506F=01
=N, 115CKF=N]
N.11506F-01

RIW NN, 14

D 10689F <01
Ne10ARQFE-N]
=N, 1N488QF~N]
D.17N650E=0
=N,1065%F-01
J.1M/R0E-D)
-1, 10653F-n1

ROW NN, 17
-0 }IN416F=-N]
=N.174%16F-0]

VeQ6175F=01
-0.1%416F-01
Ne 10415601
=N.10415F~01
N.10415F=-0)

ROW NO, 18
=N 8R1ET7F=-02
—J.R31R7F-ND

N, BRVRAF =07
=N.,RR1RTF=-02
T.%31PKF-ND
=N ARIREF-02
NeRIIREF=N?

ROW MO, 19
=N RS40LF-02
=V.95404F-n?
N, PG4NGF~-nD
~N.RR4" 645202
AL PSLOLE~ND
=N eRR4NIF=0D

N, B5404F-nD

ROW M, 2N
N,R1040FE=N)
NeR1740F-N2
=V.B1240F-02
0.R1N4IF-02
=N.R1740fF=02
N.A1039F =02
-N.B1N40F=N>

ROW NO, 21
=N kR33RKF-N2
“N.ARAAGE-)
N, FAR]PGFE=N)
~Net38R5F=N)
N 6R3RGF-ND
=N .k88P4F=-N)
N.688064F-0)

=0,12231F-01
=0.12231F-01

N.12231F-01
=0.127231F-01
~0.12231€-01
-0,12231F-01

0.12231F-01

-%.11576F-0
~0.115%6F-01

0.11506F-01
-0.115%F-01
~0.11506F-01
-0.11506F-0C1

0.11506F=-01

N0.10659€-01
0.1C659E~01
-0.10659F-01
N.10659F-01
D.10659F-01
0.10659€-91
-0.10659F-01

~0.10416F-01
~0. 1N416F-01

0.10415F-01
-0.,10415F-01
=2.10415€-01
~0.10415F-01

0.10415F=-01

-N.RB137F-02
-N.88137€-02

0.82225F-01
-0.88134F-02
~N.8R1E-0?
~0.RR13AE-0)

N.8R185F-02

-N.88404E-02
-N.85474F-92

N.85494F-02
~N.R8403E-N)
~-0.95493F-07
~0.R5473F-02

0.86403F-02

N.31040F=-0?
0.81040E-92
-N0.81040F-02
N.81039F-n?
0.81039F-02
N.81039F-02
=-N.81039€-02

~0.ARR]5E-0)
~0.68885F-9?

N.68884F-07
~0.688R4F-N2
~N.58834F~07
~0.68884E-02

0.6R883F-0>

-0.12231F-01
-0.12231F-n1

0.12231F=0}
-0.122317-01
-0.12231F-01
-0.12231F-01

-0,11506F-01
~0.11506F-01

0.11506F-N1
-0,11506F-01
-1.11506F-01
~0,11506F-01

0.10659F~01
N.10659F-11
-0.10659F=-0
0.10659F-01
0.10659F-01
0.10659F-01

~N.10414F-N1
~N.,10416F=-C1

0.10415F=-01
~0.10415F~01
=0.10416F-N1
-0.10416F-01

-0.R81R7F-02
~0.R31RTE~D2

0.RR1RE6F-02
-0.88184F-02
-C.R%187F~0?2
-N.881R7F~02

~N.AR4J4F-02
-0.R5404F-02

0.78796F-01
-0.85403F-02
-N.85404E~-02
=N.R5404F-ND

0.81060F-02
- 0.81040F-02
-0+R1040F-02
0.81139F-0"
N,R1N40F=n2
0.81040F=-02

-0,68838F~02
-0.6B886F~02

0.688R4F=-N2
-0.68884F-02
-0.68885F-02
~0.6R986F-02

B-56

-0.122315-01
0.12231F~01
~0.12231F-01
~0.12231F-01
0.12231€-01
0.122315£-01

-0.11506F=-n1
0.11506E~01
-0.11506€-01
=N.11506F-01
0.11506€-01
0.11506F~01

0.10659F-01
-0.10659E-01
0.10659€-01
0.10659F~01
-0.10659F-01
-0.10659F-01

~0.10416E-01
N.10415F-01
~0+10416F-01
-0.10415€-01
0.10415€-01
0.10415F-01

~0.88187F~02
0.A8186€-07
-0.88187F-07
-0.88186F~0?
0.8B1R6E-02?
0.88185F-02

-N.856404F-02
0.85404E-0?
-0.85404€~-07
-0.85403E-02
0.85404E-02
0.85403F-02

0.81040€-02
-0.81040F-02
0,74704E-01
0.81039€-0?2
-0.R1040F=-0N?
-0.,81739£~07

~0.68885€-02
0.,68884€-02
-0.,6R885F-02
~0.68884F~02
0.68R84FE-02
0.68883E-02

=N.12231F-0)
0.12231F=-01
0.12231F-01
N.12231F=-01
~0.12231F-01
=0.12231F-01

=0.11506F-01
0.11506F-01
0.11506F=-n1
N.11506F-N1)
“N.11506F-01
-0.11506€-01

0.10659F=-01
-N.10A59F-N
-N.10659F-N1
-N0.10659¢F~-n1
N.10659F-N}
0.10659F-01

-N.10416E-01
N.10415€-01
0.10415F-01
N.10415F=-01

=0.10415F-01

=0.1N418€-C1

-N.88187F-0?
0.881R6F-02
0.RR1RAF-C2
0.R9186F-N2

-N.89186F~02

=N.38186F-N2

-0.85404F-02
N.35404F-02
N.85404€-02
N.B5404F-02

~0.854N3F-02

~N.85403F-">

N.83104NF-02
=N0.81040F~0?
~N.31040F-N2
~0.831040F-02

N.%1039F-N?

N.81029F-02

~0.,6R8386F-02
0.6RBR4F-02
0.63513F-01
0.698864F-02
~0.6RRR4E-02
-0.,6R884F~02

~N.12231F=-n1
0. 113106F 99
=0.12231F-01
=0.12231F-n1
=N.12231F=-01
Ne12231€6-01

=N.11506F-01
N.1150KF=-n1
=0.11896F=-N1
~0.115%6F~n1
-N.11576F-01
N.11576F-01

0,1N7659F-0]
-N,117459F=-01
N0«1)659F-01
Q0. 13659F-0n1
N.10659F-01
-0,17459F-n1

=0.17416F-M
Ne12415F-0
=0.10416F-01
-N.10415F-01
~0.17415F-01
N.17415F-01

-N,33187F-n>
N.A31346F~0>
-0.98187F-0>
-1,83134F=02
-1.8%124€-07
0.88185£-n2

~0.85404F=02
0.85474F-02
-0.R5404F-0>
-0.R5473E-07
-0, R5603F-N>
0.R54716-02

0.81040F-072
~0.8104CF-02
0.81040F=-N2
N.81N039F=-N>
0.81032F-02
-0.81N3QF=-0?

-0.6%8835F~02
0.63R84F-02
-0.69R85E-N)
-0.68884F-02
-0.68294E~0?
0.69883F-0)

=0.12231F-0)
Ne12231F =N
Ne12221F-01
=2.12221F-9)
~0.12231F-nN1}
7.12231F-01

~Ne11504F -0
Ne 1N694F NN
2.11506F-01

-0.,11506F-01

=7 1150&F-01
D.11504&F=-01

2. 10659F-01
=0.17489F =N
=N, 17459F=-n1

N.1nKRAFE-M

J.17659F-N]
=M. 1%68aF-n]

S RS LR
1.17415F-N)
0.17415F-n)

7. 1n416F=n]

-7.10616F-N]
NOING1SF-N)

-n.e81878-02
N RRLAKF -0
0.1 ARE =N

-n.rayR6F -2

-0, RTIF=ND
9.991R&F N>

-7.854045-Nn7
Ve RSLNGE =N
N RBLOLE=ND

~%.85402-n>

~0.85404T -0
Ne®8403AF -2

0.R1N40F-02
~0.81040F N>
-0,21740F-n)
081139807
N.210608-0
-9.17309F 07

-0.698REE N3
0.639R4F ~n>
N.688R4F-0D

—0.ARRALF-02

-0.AR4AGF-N?
0.A28R3F=N?

-N.12231F-M
=N, 12231F-01
Na12231F-"1
=0,12231E~01
N.12231F=-01
Na12231F-M

-N.11506€-M
=N, 1150kF=-NY
N.11506F =01
=N.116N6F=-N1
Ne115%6F=N1
N, 1150KF=N1

0.1MA59F=-n1
0. ORI 9F =N}
-0.17459F~-01
N, 1NA59F-0)
~N.1055aF-0])
~0.17A59F=-N}

A LIS PGS
N 104 AE-M
0.10418€-N]
~N L ING T KE-0Y
N 124 18F =N
Colnalse-nt

-N,/A1ATE-N)
~N RRIRTE-N?
N.AR136F=-N7
-N."3197¢-1>
N RRYZAE-ND
0.8R136F-0>

~0.8540N4F-N>
=N.88404€-02
N.254N6F-02
~C.85404E-N2
N.BEANGF-N2
NeRE4N4F -0

N.81N40OE=-N
NeR1V40F-02
-0.R1N40F-N?
N B1N4OF -1
=N R114NF-0>
=N.R1N4NF-N?

~N.6RQ36E-A)
~N.hRA35E-1A
N.6R334E-0)
~0.ARAYKE~()
0.HRR84F-0?
0 6RARGE~ND



ROW NO. 22
I 0 626°8F-02
Ne6256F=02
~0.b2H5RKF=ND
NeEI26RSF-02
~0e6?ARGE-02
NebP26R4F-ND
=N E2HRAF-0)
[0W NO. 23
~0.60R146F-02
=0.6N816F=02
N,6NRIKF=ND
-0.6N316F=N?
N4 F-02
-0 6031KF=-0D
D 6NAR14F~-02
ANW NO, 24
=N .5532RF=-ND
=-N.55333F-17
N.8833RF=-97
-N.55323”F-N)
N.55338F-N)
~N.56333F-07
0e.552238F-02
ROW NDe 25
N, 49235602
N.47¥228F=0)
=-N,43238F=N?
Ne&B53I4AT -0
=N.49225¢-02
0.40228F-07
=Ne49238F-C2
ROW NO. 26
0.,49567F-0)
DV hARBTF=-02
~N bRARTE-ND
Ne4BARRTF-0?
~Ne46°TE-N?
Ve 428FTF-1D
=1.498TF=C2
ROW N, 27
N,4T592F-02
0.4T7AC3F-N07
~=7,47/02F-0>
Vel THORF=L2
-0, 4THO2F-0D
NebTAODPE-ND
=N ,47HK03F=-02
RNW NC. 2?8
DebbbbaF=-02
N bhbbLGE-2
-V bhGLLF=0?
N, 486464F=0)
-N,46444LF-02
NebhG6GF=-02
“Nebh444F=ND
ROW NO. 29
~Ne44573F-02
=Ne4/h5T73F=-02
Neb4573F-02
=N, 445 T3F=-0?
Ne&s5T73F=-02
=N 4ua5T2F=-02
Ne64572F=-02

0e62695F-02
0.62695£=-02
-0.62685F=02
0.626834F-02
N.62684F=~02
N.62684F-0?
~0.62684F-02

~0.60816E-02
-0.60816F-02

N.60816F-02
~0.60R16F-02
~N.60R1AF-02
-N,60816F=-02

0,60R15F=-02

-0.55%5338E-02
-N.5533RF-32

0.55338F-02
-0e¢5533RF-ND
-0,55338€-02
-0.55338F-02

N.55337F=-02

N.49238F-02
Ne49235F-02
-N.49235€-02
N.49235F~02
N.49235F-02
0.49235FE~02
~0.49234E-C2

Ne4R6ESTE-02
D, 4RE5TF=N?
-N,48657F-02
Ne44937F-01
0.48657F=02
Ne4ROESTE-C?
-N,48656E-02

0.47693F=02
Ne&THIZF-N?
~0.,47693F-02
0.47692E-02
N.47692F=-07
N.47692F-02
=Ne4T692F-02

NeGhab4F-02
0 4b6444F-02
~0.46444E-02
0.46444F-02
N.46444E-02
0.46444E-92
-0.46443E-02

-0.44573F-02
-0.44573F=N2
0.44573E-02
~Ne445T2F-02
=0.,44572€-02
=N.44572F-02
N, 445728-02

Ne62A35F~0?2
0.,62685F=0?
~0.62685F-02
0.62684E-02
0.62685E-02
Ne62HRSE=N2

-0.60816E-n2
-0.60816E-02

0.60816E-02
-0.60816E-02
-N.60816F-02
-0.60816F-02

-0.5533RE~-0?
-N0.5533RF=-02

0.55338F=-N7
-Ne5533RF-0?
-0,55338F-02
-0.55338F-02

0.49235F=-02
0.4923%5F-02
-N,45235F-02
0.49235F-02
0.49235F-02
0.49235F-02

0, 484857F-02
0.46865TE-02
~0.486576-02
D.48A5TF-07
0.485657F-02
C.4865TF-02

0.47693F-02
0.47693E-02
-0.47692F=-02
.0.44011F-01
N.47693F-02
0,47593F=N?

0e46444F=N2
C0.46464F=-07
~0.4h464F=02
0.46444F-02
0.46444E-07
0.466444F-02

~0,44573F=-02
-0.44573E-02

0.44573F-02
-0.44572E-02
-0.44573F-0?
-0.44573F-07

B-57

0.62685F-02
~0.62685€-02
0.62685F£~02
0.62684E-02
~0.62685E-02
~0.62484F~-02

-0.60816€-02
0.60R16E-02
-N«60816F~-02
-0.60816F-02
0.60816F-07
0.60815F-02

~-N.55338F-07
0.55338F-02?
-0,55338€-02
-0.55338E-02
0.55338E-0?
0.55337€-07

N,49235€-02
=0.49235F-02
0.49235€-02
0.49235£-02
-0.49235E-02
-0.49234F-02

0.4865TF-07
-0.4865T7E~-0?
0.48657F-02
0.4R657F-07
~0.48A57F-02
-0.48656F-N7

0.47693F-02
-0.47693€-02
0.4T693F-02
0.47692€-02
-0.47693F-0?7
-0.4T692€-02

N, 46644F-02
~0.66444E-02
N.46444€-07
0.42936F-01
~0.46444F=07
~0.46443E-02

-0.445T3E~-02
0+44573F-0?
“0.44573€-0?
~0.44572E-02
0.44573E-02
0.44572E-02

D.626R5F-07
~0.62685F-02
-N.62685F-02
-N.h26B5F-N2

0.62684E~02

N.6?76R4F-02

-0.60816F-02
0.6N816F-02
0.60816F=-02
0.60816F-02

~0.60816F-N2

-0.60816F-0?

-N.55338F=N2
0.55339F-n2
0.55338F-07
N0.55338F-02

-N.55338F-02

-N.55338F-02

0.49235F-02
-0.49235F=-07
-0,49235¢F-02
-0,49235F-0?
0.49235F-02
0.49235F~-02

0.48657F-N2
-0 ,4R65TF-02
-0.4RA57F-02
-0.48657E-02
0.,4865TF-02
N.4BHSTF-02

0.47693€E-0n2
-0.47693F-02
-0.47693F-02
-0,47693F-02
0.476928-02
D47692F-02

0.46444F-07
-0.46444F-02
~0.46444F-02
-0.45444F=02
0.66444F=N2

C 0.4666464F=-02

=N.445T73F-02
0,44573F-02
0.44573E-02
0.41058F-01
-0.445T2F-02
~0.445T72F-02

NeH?26REF=ND
=0,672685F-N2
0.57756F-01
Neb?26R4F=-0?
Neb6?2hR4F=-N2
=Neh2634F-02

~0.60R16%~0?
0.60816F~0N2
-0.hNBLAE-N?
-0.ANB16F=-02
-N.6NR1AFE-ND
0.60815F-07

-N.55338F-02
0.55333€-07
-A.55138F-02
-0.55338E-02
-0,55338E-0>
0.55337F-02

N,493235€-n2
=0.497235F=-072
0,49235F=-07
0449235F-07
0.439235€-0>
=N.49234F-02

N.486575-02
=-N.48657F-02
0,4R657F-02
N, 4BKSTE-02
Ne4R65TF-02
=N.48656E-02

0.47693F="7
~0.47693¢-02
N.47693F-02
Neb76A2F=02
N.4T692F-02
=0.47637E~02

0.45464F~02
-0.64446F-02
0.46464F=02
Neb4hbb4F=-02
0e66446F-07
-0.45443F-02

-0.44573F-02
N.44573F-02
-0.44573F£-0?
-N.44572E-02
=0.44572F-02
0.44572F=0?

Neh?2HRRF-N2
=N h26REE-ND
~Nd/2685F=02

NeA?H6RGF-ND

D.h?2KRGF =N
=0Dh2hRLF=ND

~N.ANRLEF=N?
DeANALAF =02
Ne56962F-01
-0,hNR16F-N>
=0.HNRIAF -0
N HNRLISF=ND

-N.55338F-07
0.5533RF=-ND
N.55338F-07

-0.553318F=N2

-N.58328F =N
0.55337F-02

D.492357 =12
-0.49223RF-02
-0.492355-0

N.49235F-07

N.47235F-N7
-0.492345-02

D.4968TE-ND
-0.4R657F-02
~D 4RESTF-ND

0.4R657E-02

0.4R657E-02
—N 4RASHEF=-0?

3.47602F-02
~0.47693€-07
-0.47693F-02
D.47592F =02
Ne4TRAZE=07
=N LTHO2FE=ND

Ve bhb464F =02
-0.466444F =07
~0.46444F=-07

Vo hbb44F =02

Nedhb&44E-02
-0.464642€-07

=N, 44ST3E-02
Ne&at5726=~07
0.44573F-02
~0.44572€-02
-0.44573F=-02
De44STP2F-07

NeH2ARSF~N?
N 62488F-N2
~N.62h86F =02
Neb?2h35F-02
~N,k26835F-02
N h?25h86F-ND

~N.6NR1KF=N?
~-N.h"81KF=-02
N,6N316F=-N?
-N. 601 KF-N2
NehNR1KF-0D
Ne6NALAF-0D

-n,55338F-0>
-N.553308F-N?
N.50996F-N1
~N.85339F-0
N.55338F-07
N.55338F-N>

N.4Q238E-0n?
0.49238F=-n>
-0,45215F-02
N,497218F-0)
-0.49235F-97
~0,492315F-N>

C.424885TF-02
NJ4BASTE-02
-0, 4RE5TF-(O2
N 4K57F =02
-N.4RESTE-02
-0 4R65TF-02

0.47693E-07
N.4THh93E-07
-0.47693F-N7
Ne4T693F-N2
~0.647693F=0?
-0.47493E-0>

Ne4hab4E-ND
0ueb4b444F =02
~0.46644F=-0)
Neb4b6444E=-N2
~0.4KR644F=0D
~0,45444F-02

-N . 44572F=-n>
~0.445T73FE-02
0.44573F-0>
~0.,44573F-02
0.44573¢-07
0.44573E-07



ROW NG, 20
D, 442R2F-02
0 64252F-072
0, 442652F =07
Nele4?52F-07
=N L44DP8F =D
0.44251F~0?
“Neb4252F-02
ROW NOL, 2
0.41292E-02
N,41292F-07
“N,41202F-02
0.4612Q92F-N7
-N,41292F-n2
0s41292F-02
=0.41792E-02
RAW NO. 32
0,32027F-02
0.32027F-02
—0.32027F-02
De22027F=-02
~0,32327F-0?2
0422027702
=0.32027F-12
ROW NO. 23
=1.28630F-Np
=0.23620F~n?
N.38630F-02
—N.3RA3NC-N?
N.36412F-01
-7,23630F~02
De23620F=-N2
POW NC, 34
N, 30446F-02
Ne3T4LEF-ND
-N.39446E-02
04 2944AF=02
=0, LKF-ND
V. 274645F =N
=N,39446F~-0?
ROW MM, 35
NV,392C2F-02
0,29202F-02
=1,22202F-02
N.332072F-07
=N,39202F~-07
D.29202F-02
=N0.37%202F-0?
ROW NI, 36
=N.36115F-C2
=~V 3AT1EF=-n2
Ne2A118F=02
=0.35115F~0?
N.3K115F=-02
-0.35118F=-02
NeRK115F-02
ROW NO. 27
N,2424CF~-0D
0.24340F=-02
-N.34340F-02
Ne234NF-ND
~Ne24340F-N)
Ne3433QF-02
=N .3434NF=-C2

0.44252F-02
N.64252€E-02
=0.44252F-02
0,44251€E-02
0.44251F-07
N0e44251F=-02
-N.44251E-02

N.41292F-02
0,41292F-02
-0.41292F-02
0.41292F-07
0.41292F-02
N,41292€-02
~0.41292€-0?

0.372027F-02
0.32027F-02
-N.32027€-02
N.32027€-02
0.32027F-02
0.32027F-02
-N.32027€E-02

-0.3R630F-02
-0.3R630F-02

0.38630F-02
~0.3R630F~0?
~0N.38630E-02
=N,38630FE-02

0.38630F-02

0,39446F=-02
0.39446F=02
~0,19446F-07
N.39445F-02
N.36357F~01
7.3946456-02
-0.39445F-02

N.39202€-02
N, 39202€-02
-N.39202E-02
0.39202E-02
74392912F-02
0439212€-02
-N.39292€6-07

-N.36115F-02
-0.3K115E-02

0.361156-02
-0.34115€-02
-N0.36115€-02
-0.36115F~N2

0.36114F-02

0.34340€-02
Ne34340F-07
~0.3434NF~N2
N.34339F-02
0.34339F-02
N.36339€-02
=N,34339F=-02

0eb44?252F~02
0.44252F-n>
-0.44252F~02
0.447251F-02
0.44252F-07
0.44282€6-02

0.41292F-02
0.41292FE-02
=N,41292F=-02
0.41292F-02
0,41292F-N2
0.41292F-02

0.32027€-02
0.32027F-02
-0.32027F-02
0.32027£-02
0.22027f-02
0.32027F-02

-0.3RA30F=-02

. ~0L.38630F-02

0.38630F-0?
-0.38630F-0?
-NeIR63CF-02
-0.3RK30F=-0N2

0.39446F-02
0.3944KF~07
-0.30446F-02
0.39445F-N2
0.394446F-02
0.39444KF=-02

0,39202F-02
0.39202F-02
=0.39202F-02
0.39202F-02
N.35003F-01
0.39202€-02

-0.,36115F=02
~0.36115€£-02

0.36115F-02
-0.36115E-02
-0,36115F-02
-0.36115F=-02

0.34340F-02
0.34340F-N2
-0.34340F-02
0,34339€-07
0.34340F=0?2
0434340F-02

B-58°

0.44252F-02
-0.46252€6-02
0.44252E~02
0.447251F~02
-0.44752F=-02
-N.44251F-072

0.41292E-02
=0.41292€-0?
0.41292E-02
0.412928~0?
=0.41292E-02
-0.41292F~02

0.32027F-02
-0.32027F-02
0.32027F-0?
0.32027€-02
-0.32027F-02
~0.32027F-02

-0.38630F-02
N.3RAK3IVOF-02
-0.38630F-0?
=0.38630F~-0?
0.38630€-07
0.38430€E-02

0e39446E-02
-0, 39446E-02
0.39446F-02
N.394456-02
-0.39446F-07
-0.39445E-02

0.39202F-0?
-0.39202F-0?7
0.29202€-02
0.39202E-02
-0.397202E-02
-0.39202F-02

-Ne36115F-02
0.36115F-02
-0.36115F-02
-0.36115€-02
0.33255¢£-01
0.36114F-02

0.34340€-02
-0.34340E-07
0+34340F-02
0+34339E-02
-0,.34340€E-02
-0,34339F-02

0.44252F-02
-N.44252F=-02
-0.44252F-02
-N.44252F-02
0.4664251F-N2
0,442651F-02

N,412972F-0n2
-N.41292F-02
=N.41292F-02
-0.,41792¢-N7

N.41292F~02

0.41792F-02

0.32027F-02
=0,32027F-02
=Ne3I?2027F-02
=0.32027F-02
N0.32027TF-02
N.32027F-02

-0438630F-N2
Ne2RAINDF-02
N,39630F-02
N.38630F-02

-N.38630FE-02

-0.38630F-02

0.39446F-02
~0.39646F=07
~N .24 46F-N2
~0.39646E-07
0«39445F=07
0.39446F-02

0.39202F-C2
-0,39202F-02
~-0.39202F=-N2
-0,39202€-02
N.39202€-n2
0.39202F=-02

-0.36115F-02
N,.36115F-0?
0.36115€-02
0.361156-02

-0.36115F-02

-0+36115F-02

0.34340F-02
~N.34340F=-02
~0.34340F-02
-N.34340F-N2
N.31831F-01
N.34339F-nN2

0.44?62F=ND
~0.44252F-02
0.64252F-02
N.40N0RNAF-N])
N 44251F-02
-0.44251F-0>

Ne&1292F-02
—-N.41297F=02
0.41292F-0n2
N.417202F=N2
Ne&1292F-n2
-0.41792F-07

N.32027F-02
-N.32027F-02
0,32N27F=02
0.32027F-n?
N.32027F=07
-0,32027F-0>

-n.33430F-n?
N.29430F-N?
-n.33430F-07
-0.39630F-07
~N.396305-07
0.386130F=02

04 3%%46F=-02
-N,39%4KF =N
0.3944AF=0D
N.376455=02
N.37445F-02
-0.39445£-N2

0.39272F-02
~Ne39272€£-02
Ne39202E-07
0.39202F=-n2
0.392N2F-02
-0.392"2€-02

=N.36115F-N2
0.36115F-02
-0.35115F-N2
=0.38115F-02
=-N,3A115F~-N2
0.34/114E-02

0.364340F-07
-0.34340F-07
0.34340F-07
0.34339F-07
0.14339E-07
-0.34339F-0>

N.447252F=N2
=N 44252F=02
-0.442%2F=-02

N,4647281F-N)

Nebb?282F=N2?
~C.447251F-0?

0.41292F-02
~Ne4)292F=-N2
-Ne412072F~02
N.3R219F=-N]
Ne412Q2F-N)
~0.417292F-02

De32N2T7F-N?
-0.32007F-n?
-0.22N27F=-07

’\.1707702_07

0.32n27F=n>
-N,32027F-02

-0.3R62CF~07
n.3A2NF-N?
0.19430F=N)

~D,3Rc200€N)

-0.27R20F =02
Ne3RK2NF=0?

N4 14 4KF =02
-N.30446F -0
0,394 44F -0

7.394466-02

N.39444F-N)
-0,294456-07

N,392022F-02
~0.39202F~02
=0.39202F =02

0.39202€-07

7.29202F-02
-0.39202F-07

-Ns34115F=-N2
Ne?6115F=-N2
Ne34115F-02

-0.2%116F=N?

-J3.3A115F=N?
D.36114F-12

N.34340F=-N)
-0e34340F=02
-0.3634NF =07

0.34110F-07

0.34140F-0?
~0.34339F-n?

N 44752F=07
N, 46252F =07
-N,46252F=N2
Ne664252F=02
—N,44262F-07
~N.44257F-02

Ne61292F=02
N, 41277602
-0,41292F-0>
Ne&]?92F=N?
N, 41292F=0?
—N.41292F-02

N.32027F-N2
N.3202TF=02
-0,32027F-02
Ne3666TF=N1
-N.32027TF-07
~N, 3202 7F-0>

-0, 28307 -N)
-N.39A/3NF-ND
n.3PRINF-N?
-0.3943NnF-0?
Ne2RRINF-ND
N,3RKINF-0?

N.3046KE-N)
0e3944KF-02
-0, 3044 AKFE-0D
0.39446F =02
-N,2046HF~1D
~1.29446F 0D

N.2A92%2F-N?
1.39202F-N>
=7 ,39209F-0>
n,307202F-07
-0, 30202€-07
-N,.39292F-n?

=-0,36115F-N2
~N 261\ RE=N?
N.3R115€E-02
-0 241 15F-02
Ne36115€-02
Ne36115F=-N>

0.34340F=-12
N,26340F-N2
-0.34340E-02
Ne246340F-02
-0.36340FE-02
~N.3434NE-02



ROW NO, 138

N.34251F-02
Ne342851F-02
~0.34281F-02
024251802
~0e34281F=-02
0434251F~-02
-0.24251F-02

ROW NV, 29

Y.2158TF-02
N.315Q7F =02
~04315°7F=-0?
Ne31507F-02
-N0,31507F-02
0.31897F=-02
-0.31587F-02

ROW NG, 40

~0.29478F-02
=Ne?294T]F=N?
Ve29047TPF~02
=N.29478F=0n2
Ne?234TRF-02
=N.2947TF-02
Ne?246TRE-0D

ROW NO. 41

0.29280F-n)
Ve ?9288F (2
=N.20289F=07
0.20282F=02
-N.292PRE-07
Ne?AO0T2E-N]
-N.,292R3F-07

ROW NO, &2

Ne2h3GI2F=ND
N,26000F-r)
=0,72A9Q)F="?
Ne?2RQCPF=ND
~0e?2/9Q1F=N2
Ve2hQ01E-1"
=Y e2AA01F=-0N?

ROW NC. 43

Ne?25749F=0N2
Ne?285T40F-1)
=Ne?25748F=-N2
Ne?5760F~0
=1.257439F-n?
Ne?28749F=-n)
-0 .25T4%F~N>

ROW NC. 644

N« 24885F=-N2
~Ne?248655F-02
N.24855F-n2
-N.24355F=-02
0.24885F=02
-0.24954€-n07
D.24855F-02

ROW NO. 45

0.24353F-07
n.24953F-02
-0, 24383F=07
N.24853F-02
=N, 2#881F=N)
0.24953F-02
-0.24883F-07

0.34251F-0?
0.34251F-02
-0.34251F-02
0e34251F=-02
0e34251F-02
0.34251F=-02
-0.34250F-02

N.31597F-02
0.31597€-02
-0.31597€-02
1.31597F-02
N,31597E-02
N,31597€-02
-0.,31597F-02

~0,29478F-02
~0.29473€-02

0.29478F-02
~0.29477F-02
-0.729477E~02
~N.29477E=-0?

0.29477F-02

0.29298F=-N2
N.292438F-92
-N,?29288E-02
0.29289F-02
0.29288F-02
N,29298F~02
=0.29287F-02

0.26992¢-9?
N.26992€-02
~N,726991E-02
0.?26991F-02
Ne26931F=22
N.25065€-01
=0.26991E-02

N.25749€-07
0.75749€-02
-0.25749E-92
0.25749F-92
N.25749€-02
0.25749F-02
-0.725749€-02

-N.24R55F-02
-0.24R55F-02
De 26R55E-C2
~0.24854F-02
~0.24854F-02
-0,24854E-02
Ne?24R54F-02

0.24853F-0n2
0.24853F-0?
~0.24853E-02
0.24853F-02
0.24853F-02
0.24853F-n2
-0.24853€-02

0.34251F-02
0.34251€-02
~0.34251F-02
0.34251F-02
0.34251F-02
0.34251F-02

Ne31597F-02
0.31597F-02
-0.31597F-02
0.31597F-02
0.31597F-02
0.31597F-02

=0.2947RF-02
=0.294T78F-0?

0.,29478F-02
~Ne.29477F-0?
~0.29472F-02
-0.294737-02

N,292’8F-02
0.2923RF-02
-0.29288F-02
0.2928RF=-0?
0.29288€-02
0.29238F-02

0,26992-02
N.26992F-02
~0.26991F-02
N.26991E~02
0.,26992F-02
0.26992F-0?

0.,25T749F=-02
N.25749F=-02
-0.25749F-02
.0.2574Q9F-02
0.?5T749F-02
0.?23695F-01

-0.24855F-02
-0.24855F=02

0.24855F=02
-0.24854E-02
-0.24855F-02
-0.24855F=02

N.24853F-02
0.?74353F-02
=0.24853€-02
0.24853E-02
0.24853E-02
0.24853F-02

B-59

0e34251F-02
-0.34251€-02
0.34251€-02
0.34251€-02
-0.34251€E-02
~0.34250E-02

0.31597F-02
-0.31597€-0n2
0.31597F-02
0.31597F~0"
=0.31597F-07?
-0.31597€£-02

-0.29478€~-02
0.29478F-02
~N.29478E-02
~0,294775-02
0.29478F-02
Ne29477F-02

0.29288£-02
-0.79288F-02
0.29288F-02
0,29288¢€-02
-0.29288F-0N2
-0.29287F-0?

0.26992F-02
-0.26991£-02
0.76992€-02
0.26991€-02
-0.26991F-02
=0,26991F-02

0.75749€-02
-0.,25749€-02
0.25749F-02
0.25749F-02
-0,25749€-02
-0.25749€-02

-0,24855F-0?
0.24855F-0?
-0.24855€-02
-0.24R54E-02
0.24855€-02
0.22919€-01

0.24853F-0?
~0+24953E-02
0.24853E-02
0.24853€-02
~0.24853F-02
-0.24853F-0?

0.347251€-02
-0.34?751F-0?
-N.347251F-0?
=N.314251€E~02
0.34251F-02
0.347251€-02

N.31597F-02
-0.31597¢~-02
-0.31597F-02
~0.31597F-02

0.31597F-0?

N,.31597F-0n7

=N.2947RF-02
0429478F =07
1.29678F-N2
0.29478F=-N2
-0.29477F-02
~Ne?TTE~N?

0.29288F=-n2
=Ne292RARF~0?2
=0,.792R8F-nN2
-0+.?292RRF=-0N2
Ne?928RF~-02
Ne?29288F~D

0.26992F~-N2
~-N,?6991F=N
=N.26091E-02
-0.26991€-02
N,2k991F=-N2
N.?k/391F=02

N.25749€-02
-0.72%749F~02
=N, ?28749F-02
-N.25749F-0?
0.25749€E-02
0.25749F-02

-0.24855€-0?
0.24855F=-0?
0.24855€E~02
0.24855€-02

-N,24854E-02

-N.24854F-07?

Ne?4853F=-N2
-0,24853F-02
-0.24853F-02
~0.24853FE-02

0.24853F-02

0.728°1F-01

0.34251F-02
=0.34251F-02
0.34251F-07
Ne34251F-n>
0.31555F-01
-0+347250F~02

0.31597F-12
-N,31597F-N2
0.31597F-02
N.315727F-0n>
0.31597F-0>
-0.31897F-n>

~N.294786-n>
Ne?I4T8F-N2
=0N,294TRF N2
~Ne27477F=02
~Ne2% 77602
N.296T7F-02

N.29238F-0?
-N,29299F=-0?
0.29298F-02
0.29288F-N2
N.29298F N2
~N,29237F-02

0,24972E-0
=N.2A971F=N?
0,.25992F~-02
0e2hQ91F-02
N.26931F-0N2
=0e2A991F=-02

0.25749F-0>
~N.25740F-0>
0.25749F-n2
0.25749F-02
7.25749€-02
-N0.25749F=N>

=N, 24855F~N2
N, 24855F=-N7
-0.24R855E-02
-N.24854€E-n2
~0.24854F-0N2
0.24R54F=-02

0,24853F=-N2
=0.24R51F=-N2
N.?264853F~N2
0.24R53F-02
0,24853E-N2
-0,24853F-02

Ne34751F=0)
~N,34251F=n>
-0,2%4251F=-07

1.34751F =02

N.34251F=-07
-0.347260F-N>

N.31597€-0>
-N.318QTF =N
=0,21897F =02

0.31507F=n>

n,290r3F-01]
-0.21597F =02

=J.79678€ =02
2.729478F =07
N, 206 TRE-ND
=N,2LTTF =02
-N.226785-02
V276 TTF =02

n.?Q2%2RAr 0>
~%.202R2F-N2
=N, 2028 N>
Ne?2R8F =Nn)
N.20288F-02
~Ne2720 7602

AL 26907%c.0)
-0,26%91F=07
-10.769916-0)

N,2A0891F=N>

N,2460Q2F-n)
~N,26901F =N

N.?5740F-N)
~0e25740F-N>
=) ?8749F=-N?

O0,28740F=")

N ?ET4LQE-ND
-0.757495=n>

—N, P4 6RF N
N.24REEF N2
0e24R8EF =02

~0.76R54F-07

~0.24958F =02
Ne26864F=-0)

0.2485%3F =02
~N,24883E=n)
~0.24A83E-07
0.24R53F-N2
0.24R53F-N?
-N.24853F-02

Ne34251F-07
fa36251F-02
-N.36251F-N7
AL.36251F-Nn>
-0.34251F-0?
-N.3251F~-02

N,21897F=-02
N.21597F-0>
-".31597F-0>
8.31597€-07
~N.31597F-02
~N.71537€-n2

“Ng204TAF-ND
-F L 294 TRF -0
N.29479€-0>
~Ne 294 TRE=-N2
N, 27135F=01
n,?3470c.02

n,20238F-N>
N,2023PF-07
-n,20%aaF-0?
N.202886-0>
~N,2G29R€-07
-n,202a2aF-n>

N,2692F=02
0.26992F=-N>
=N,2599)F=-Nn>
N, 26£702€-Nn2
=N.2Kk991F=-N>
~N,2%99)F=-n2

Ny?2874QF=-nN>
0.28749F-n>
~N,.?25749F-n7
N,25749F~N2
=N.25749F-02
=N,?5740F~0)

~N,264358F N2
-N.%24a55E-N"
M 24RG55F-0)
-N,24858F-N2
Ne24R55F-N?
P 24R658F=-0)

Ne264852F-NA)
0.248523E-02
~0.24R53F-02
0.264853F-02
~-N.24AG3E-0)
~0,26861F-02



ROW N0, 4Rk

-0 ,2432RF=-ND
=N.24329F-N>
0,24327F-02
-N,24328F-07
Ne243270-02
=0.24327F-0?
0.24327F-02

ROW NO, 47

-0.24123F=0">
-N.243120€-07
N.?4329F-07
~0.24320F=N2
N.2432ar-n2
-N,24320F-02
0.24329F-07

RAW NO, 4R

“N.24247F=0)
-0.24249F=-07
N.24249F=07
—0.26743F=0?
0.24249F=-02
-N,24263F-02
Ne2624CF=0)

R N[, &9

-0.23303F-n2
=N.237C3F-02
1,23903E-n2
=Ne230023F-02
Ne237C3F=-0N2
=N.237N2E-02
Ne?218372FE-01

RPOW NO. 89

-0.?7986F-N>
=N, ?22084F-n2
0.22956F-97
“N.P2A8Kr-ND
N,27054E-02
-0.22958F=02
NeP?P2IRKFE-ND

~0,24328F-02
~0.24328F-02

0424327F-02
~0.26327E-02
=0.2437276-02
=0,24327F-02

0.24327F-02

-N,24329€-027
~0,24329E-02

Ne24329F-N2
-N.24328E-02
-0.724328E=-07
-0.24378E~-02

042432R8F-02

=-N0.24249€-02
~0.24249F=02

N.24249E-0?
~0.24249F=-02
=Ne24249F-02
-0.74249E-0?

N.264249F-02

-N.230138-02
-N.23003F-07

0,23n93F-02
-0.22073£-0?
-N,230103E-02
-0.23093F-12

0.23003F-N2

-N,2295AF-02
=N.22956F~N?

0,22954F=02
=N.22954F=0>
-D.22056F=-02
~0.22956F~0?

N.21150F=-01

-Ne.24328E-N2
-0,24328F-02

0624327F-02
=0e24327F-02
~0e?2432RF=-0?
-Ne?2432RF-N2

-0.24329F-02
-0,24120F-02

0.24129F-02
-0.24328F-07
-0.74329F=02
-0.74329F-N2

~0e24269F=N?
-0424249F=02

0e?24249F-02
=0,24249F=2
=0.24249F=-0?
-0.,24249F=-02

=0.23002F=-02
-0.23203F-02

N.23100%F-C2
-0.723003F-02
-0,72007F-02
=0.?3903F-02

-0,.,22956F=-02
=N.22956E=-N?

0.22956F-02
-1.22956F=~02
-0.,22956F=02
-N.22956F-02

B-60

~0.264328F~02
0.76327F-02
-0.24328E-02
-0.24327F-02
0.24327€~-02
0,264327€-02

-0.?24329€-02
0.24329€~02
~0.24329F-02
-0.24328€-02
0.24329€-02
0,24328F-02

-0,24249€-0"
0,24249F =02
-0.24249F-02
~0.24249F-0?
0.24249F-07
0.24249F-02

-0.23003F-02
0.23003E-0?
-0.23003F-02
-0.23003F-02
0.239038-0n2
0.230035-02

~0.22956F-02
0.22956F-02
-0,22956€-07?
-0.22956E-02
0.22756€-02
0.22956F-02

-N.2647128F-07
0.726327F=02
0.26327F-02
0.26327F-0?

~N.24327F=02

-0.74327F-02

-0.24329F-02
0.24329F-92
0.24329F=-N2
N,24329F=-072

-04,2432RF=N?

-0,2632R8F-02

-0.74249F=N7
0.24249F=02
N.24749F-07
0.24249F-07

-0,26349F=97

-0.24249F-02

=0,230NAF=N2
N,23003F=-N7
0,23003F-n2
0.230N3E-02
=N, 21N03F-ND
-0,723003F=N?

~Ne272956F-02
N,?2956F-02
N.22986F-02
0.2?956F=N2
-0.72956F~-0?
~N.22964F-02

“0.,24329F=0N>
0.24327F-07
~0,24378F=0?
~N.243278-07
~0.24327F~00
0.22446E=0)

-Ne?24329F=ND
0.26229F-02
=0,24320F-0>
-0.24632°F=-02
-N.2432R8F-02
0,24328F-N02

=N,24269F-02
N,24249¢ =N
=N,24249F=-N>
-N,24249F-02
“N.24269F-02
Ne?4249F=-02

=N,23003F-02
0,23ND3F-02
=N.23093F=-N2
~Ne23NT3F=-N2
-0.?3N73F-02
0.23093F =92

~0.22956F=02
0.22956F-02
-N.7?2956F=02
-N,22954F-02
-0.279865-97
N.22954E-02

~Je?4328F-N2
Ne?2432T7F-0?
Ne2432TF=02
=N,26327F=N7
=Ne2432RF -0
N4243727F=ND

=9.24329F~n)
Ye24329F~N)
n,24320€-Nn2
“N KD RE=ND
~N.24320F-Nn)
N.22422F=N1

~N.IK240F =02
Ne26249F =07
N.,24249F-02
“N L 24240F N
-0.%24249F=N)
1.242498-0)

-0.23003AF=ND
N,23003F~-N0D
N.23A037-ND

-0 ,23)N2E N

~N 220N2FEND
Je?22I03F-N2

~N.229SKF =02
0.?22986F~02
D.27956F-np
P FL-LYY -]
-N.22Q356F=02
Ne?2086F =02

=N 2H8A2RF=rD
=N, 24228F-N)
Ny?24327F-N2
“N,2432PF=ND
Ne26327F=N2
Ne?2632 76N

-N,24320F=N7
-0, 26329F-02
Ne?26329F=N2
-N,264329F =02
N.24329F-02
N,e24320F-0)

-N,24240F-N?
-Ne2624QF=0?
Ne?6249F-N2
~N.%4249F=-n>
N,a2424QF-N2
N,2231KF=N1

=N,23002F-0
=N.230135-02
N,a23NNAF -2
-N,22193F-02
f.23N3F-02
Ne?23IN2F-N2

-N,27756F=07
-0.?2954F=">
I FLLYY - L)
-0 ,2295AF-N7
N,77386F-02
Ne??95AF-02



SAUTION FNR

D NTAD NIV

2

11
12
13
14
15
14
17
19
17
2N
21

?3
24
25
25
27
29
rael
30

32
23
24
15
36
37
33
39
40
41

43
Ll
45
4h
47
48
49
50

wnng

—

COp UMy 1
0.1000NN0NE 01
0.85282045€ N0
Cea26722349F 00
£.41191709€ 00
C.23N8NTH4E NO
C.12592427F 00
" 12861053F N0
NREQTHAT4F-01
CeSETAARGSLHE-N]
0.38199861¢-0]
0,60627239F-0)

=N.391689454F-01
~N 3AR214273F-01
=N,346440440F=-0]
-N,3220321)F-N]
0.29644L2N0NQ1F=-N]
-, 29R3A8NQ3F-N]
=Ce?251C2125E=-01
-0.73944507F-0]
0e22725602F~01
=N.1902518%2E-N1
Cel173C6R19F~-0D1
-N,14375299F-N1
=Ce14635254F-Q1
Mfe13435072F~01
Ce13684873F=-N1
Ce15621589E-n1
NelB277757F~NY
N AN6ALDV3F=02
Ne 1580331 3F-01
Ce117NAKQ4TF-0]
M eR9413R45F~02
-r 107287 T2E-01
N107R43NDF-01
N.11154525€£-01
-N,9N543583F=-N2
0.94405783F=02
0C.923260423E-0)2
0. 11822664F=-01
-0.81609217F=-0n2
0.8N32645TE-02
0.73963042F-02
NeT?293R959F-02
-N. 6301408702
N TNCR2A28F=0D
N 6A5543K4F~02
-0.AR2TTARAF~0)
-0.66335153E~02
-0,64572991F-02
~0 A2 TEIRG2F=0D

FIGFNMATR [ X 0OF SORY 50

EIGFNVALUF

0.146321737F 01
0,974N4109F NO

COLUMN 2
0.10000NN0F 31

~N,97101007F 20
-N,67465298F-01
-0.67748424F-01
-Ne?25732379F-0
~0.1347246177-M
-N,133720225F-01
=0.79274047%-02
-0.5274h073F-02
-0.330612464F-02
-0.35306921F=-N2

0e24642019F=92
0.135A9248F-92
Ne.301472553F-0?
N.28734552F-02

~N4252224AKATF=02

N,2568KK5TF=-02
Ne?21RE3519F=N7
0.20695918F-02

-N,19658R48F-17

Ne16313144F-02

-0,14R50397F-92

0.,13850636F-02
0e12264624F=-07

=N 1144KTIRF =0
-N.11818676F-12
~Ne144T76206F-02
-0.141694677F-02

N,5N305144F-03

~0s15128574F-02
=N.10190189F~92
~0,77101984F-02

0.97195591F=01

-0.919961R4F-02
~N,972277R3F-03

0.R3978637€-03

~0.83424302F-03
-0.79516R45F-13
~0.10232199F-02

0.70091221F-03

-0.69333031F-03
-0.63154771F-03
~0.63426694F-23

0.58036949F~-03

~N.607943R6F-0N3

Ne56781147F-02
0.59077388F-03
0.565914677E-073
1.55881572F-03
N.53515856F-03
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ITFRATINNS  S.P. NePo
14 0
&40 15
EIGENVFCTARS

COLYIMN

ATTKENS S.P.

»

D

N.P.




0.14632137€ 01

P gt s
N O ODNPRNP WN

CHECK FIGENVALUES AND EIGFNVECTNRS

COLUMN 1
0.10000000€ 01
0.858R2071E 00
0.42622355F 00
0.43191713€ 00
0.23050755€ 00
0.13593488F 00
0.13561059€ 00
0.85974979E-01
0.58739849E-01
0.38199863E-01
0.40627333F-01

-0.3915R4556F~01
-0.38214281€-01
-0.34644463E-01
-0.32893232¢-01
0.29442093E-01
-0.29535094E-01
-0.25102126F-01
~0.23944509F-01
0.22725603E-01
~0.19025183E-01
0.17306820E-01
-0.16375300€-01
-0.14635257€-01
0.13435074E-01
0.13656879F-01
0.15621590E-01
0.15277758€-01
-0.80664216E-02
0.15803814E-01
0.11706948E-01
0.89413851E-02
-0.10728773E-01
0.10784301E-01
0.11154526E-01
-0.98543565F-02
0.96495295€-02
0.93360430E-02
0.10823665E=-01
-0.81609221F-02
0.80926461E-02
0.73963046E-02
0.72938961E-02
-0.68016092€-02
0.70082632E-02
-0.66554368F-02
-0.68277990E-02
~0.66335163E-02
-0, 64573996E-02
-0.62752846E-02

0.97404118F 00

COLUMN 2
0.10000000F Ol
~0.97100934F 00
-0.67464978€-01
=0.6T7748056E-01
~0.25732264£-01
-0.13472338€-01
=0.13330164F-01
=0.79273517€~02
~0.52745784F-02
=-0.33061051F~0?
=0.3539676TE~02
0.34641835€E-02
0.33569197F-07
0.30142359F-02
0.28734409F~0?2
=0.25232298F=-02
0.25686522F-02?
0.21883388F-0?
0.20695803€-02
-0.19658701F-0?
0.156313064F~-0?
~0.14850294€-02
0.13850569F~-02
0.12244538E-02
~0.11446651€-02
-0.11818598€E-02
=0.14476129€-02
-0.14169592€-02
0.50304671F-03
-0.15128495F-0?
-0.10190128E-0?
-0.77101562€E-03
0.92195057F-03
=0.91995630F~-03
~0.97226799€-03
0.83978193F-03
-0.83423829£-03
~0.79516370€-03
-0.10232152F-02
0.70090R12F-03
-0.69332590€E-03
-0.63154398F-03
-0.63426283F-03
0.58036559E~013
-0.60793958F-03
0.56780809F-03
0.59076954E-03
0.556591348€-03
0.55881156€-03
0.53515533¢F-03
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COLUMN




%% DEFLECTIONS AT THETA = 0.

** FREQ.IN CPS

X

* MODE NUMBER

0.

0.1521368F
0.3042735€
0.4564103F
0.6085470€
0.7606838¢E
0.9128205¢F
0.1064957F
0.1217094E
0.1369231F
0.1521367€
0.1673504F
0.1825641F
0.1977778€
0.2129914F
0.2282051F
0.2434188F
0.2586325€
0.2738B461F

00
00
00

* MODE NUMBE

0.
0.1521368F
0.3042735F
0.4564103F
0.6085470F
0.7606838F
0.9128205F
0.1064957E
0.1217094F
0.13692131¢
0.1521367F
0.1673504F
"0.1825641F
0.1977778F
0.2129914¢F
0.2282051F
0.2434188F
0.2586325E
0.2738461E

00
00
09
00
00
00

0.60731€ 02
0.74435€ 02

u

*
0.2156R827F-01
0.21323656-01
0.2059060F~01
0.1941309€-01
0.1789512¢~01
0.1605713F-01
0.13651206-01
0.1023243€-01
0.5562546F-02
0.1459937¢-08

-0.5562544€E-02

~0.1023243€~-01

-0.1365120E-01

-0.1605713F-01

-0.1789512€E-01

-0.1941310E~-01

~0.2059060€-01

-0.2132365E-01

-0.2156827£-01

*
0.1131616E-01
0.1102895€E-01
0.1017769€E-01
0.8737139E-02
0.6634509€-02
0.3974061F-02
0.1310564E-02

-0.4752302E-03

-0.8043363F~-03

-0,2073886€E-09
0.8043355E-03
0.4752310F-03

~0.1310562F-02

~0.3974059E-02
~0.6634506E-02
~0.8737135€-02

-0.1017769E-01

-0.1102895%€E-01

-0.1131616E-01
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=0.
0.1306088F 00
0.25R5745€ 00
0.379855SF 00
0,4938636F 0O
0.6082210¢ 00
0.7319357F 00
0.8589744F 00
0.96Nn5347¢ 00
0.1000000F 01
0.9605347F nO
0.8589745€E 00
0.7319359F 00
0.6082211F 00
N.4938637F 0NN
0.3798556F 00
N0.2585746F NO
0.1306089¢F N0
0.1169375€6-06

0.
=0.1096557¢ 00
=0.21711641F 00
=0.3186764F 00
~0.4165223F 00
-0.5253181F 00
-0.6611493€ 09
-0.8162974F 00
-0.94769872F 00
-0.1000000F 01}
=0.9476982F 00
~N.R16297S5F 00
=0.6611494F 00
-0.5253182F 00
-N.41K5223F 00
-N0.3186764F 00
=0.7171142F 0O
-0,1096558F 00
-0.1007634E-06



THETA

* MODE NUMBER
-0.3141593F 01
-0.296T060E O1
-0.2792527€ 01
~0.2617994€ 01
=0.2443461F 01
-0.,2268928F 01
~0.2094395¢ 01
-0.1919862E 01
-0.1745329€ 01
=0.1570796F 01
-0.1396263F 01
-0.1221730€ 01
-0.104T197F 01
-0.8726645F 00
-0.6981315€ 00
-0.5235986F 00
=0.,3490657E 00
-0.1745328E 00

0.1639128E-06

* MODE NUMBER
-0.3141593E 01
-0.2967060E 01
-0,2792527€ 01
~0.2617994F 01
=0.2443461F 01
-0.2268928E 01
-0.2094395E 01
-0.1919862F 01
-0.1745329€ 01
-0.1570796¢€ 01
-0.1396263E 01
=0.1221730F 01
-0.1047197€ 01
-0.8726645€ 00
-0.6981315F 00
-0.523%59R6F 00
~0.3490657F 00
~0.1745328F 00

0.1639128€-06

Jos 5587

CIRCUMFERENTIAL DEFLECTIONS AT X =

U

1 »

-0, 7887064E-06
~0.4923795€-06
0.3222766E-06
0.704784SE-06
0.1075790€E-05
-0.6605414E-06
-0.2028895€-05
-0.1449150€E~0%
0.1100597F~05
0.3867311€-05
0.2599485E~05
=0.2997460E-05
=0.6821299E-05
=0.4464TT8F-05
0.5478416E-05
0.1339179€-04
0.1139171E-04
~0.6128298€~-05
~0.2899005€~04

*
-0,2320664FE~-04
~0.1032787E-04
0.1372274E~04
0.2208688E-04
0.6021088E-05
~0.1536175€-04
~0.1865430F-04
-0.1954501€-05
0.1482582€E-04
0.1381539€-064
-0.1095975€-05
-0.1189993¢-04
-0.8516657E-05
0.2296305E~05
0.7320015€-05
0.3628047F-05
~0.2012483€E~-05
-0.2592258F-05
0.6055350E-06

COMP/ASSMBL TINME

0.137000€ O1

v

~0.4359693¢-08
0.4152535¢£-02
0.5623501€-02
0.2369230€-02
-0+495385T€E-02
~0.9985683E~-02
-0.4200095€-02
0.1054190E-01
0.1928176F-01
0.7589414E-02
=0.2175842€-01
-0.3610435F-01
~0.9338764E-02
0.4606423F-01
0.7053747€E-01
0.1485559€~01
-0.8478165E-01
-0.1235744€ 00
0.1652384F~06

-0.4980232€-07
0.1412406€ 00
0.1232216E 00

-0.3026290F-01

-C.1433687E 00

-0.9344190€E-01
0.5311170€-01
0.1282026E 00
0.5832441E~01

-0.6317139F-01

-0.9845424E-01

-0.25644019€~01
0.5684808€~-01
0.5915394£-01
0.1175383E-02

-0.3558204E-01

-N.1921754F-01
0.8002378E-02

-0.1910805€E-07

0.006 HRS.,

B-64

0.2674892E-01
0.1792333€-01
=0.3730739F-0?
~0.3198064FE-01
-0,4568009€~01
-0.1385671F-02
0.6532119F-01
0.8595974F-01
~0.1167383F-03
-0.1344260F 00
-0.1610198F 00
0.2158372¢-01
0.2745675F 00
0.2907929¢ 00
-0.6636030F-01
-0.5253977F 0N
-0,5114933F 00
0.2120690F 00
0.1000000€ 01

0.1000000€ 01
0.4335212F 00
-0.6123379€ 00
=0.9423715F 00
-0.2111234F 00
0.7060234F 00
0.7781323F 00
-0.2837560F=-02
-0.6900052€ 00
~0.5413830F 00
0.1619371F 00
0.5607061F 00
0.2778478E 00
-0.2280920F 00
-0.3416823F 00
~0.4337646F-01
0.1841333F 00
0.6921634F-01
-0.1166164E 00

EXECUTIDON TIME

0.024 HRS,



APPENDIX C

INPUT DATA FORMAT, PROGRAM LISTING,
AND TYPICAL OUTPUT DATA OF THE

ACOUSTIC RESPONSE COMPUTER PROGRAM



DATA INPUT FORMAT

The program predicts the power spectral density of the acoustic response of a
shell structure. The input data to the program include the shell modal data in the
form of the generalized masses and the generalized forces, the acoustic input power
spectrum, and the frequencies at which the response spectral density i8s to be computed.
If the responses at more than one station are sought, an identical number of sets of
W data [= W (s) cos n9]' is to be provided to the program. Responses can be sought
for different values of damping constant "GAMMA" by providing a number of input

- data sets with the desired values of "GAMMA'". The following is a table defining the
input data. The balance of the Appendix consists of the input format, computer
program listing; and typical output data. The detail analysis of the program is
presented in Section IV of the subject report.

DEFINITIONS
GAMMA Damping constant, (Non-dimensional)
L Total number of stations in the frequency domain where

spectral density is computed, (ND)

N Number of natural modes. (ND)
NSTAT Number of sets of deflections w, (ND)
OMNAT Natural frequency (cps)
B Generalized foree (lb.)
AMAS Generalized mass (Ib. in. secz)
OMEGA Forcing frequency (cps)
PHIP Input spectral density (Ib2/in*/cps)
w =W (8) cos né

o
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